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The treatment of adolescents and young adults (AYAs) with
cancer has long been hotly debated between paediatric and adult
oncologists, each discipline following its own management strategies
and guidelines. No longer! Experts from the European Society for
Medical Oncology (ESMO) and the European Society for Paediatric
Oncology Society (SIOP Europe) have joined forces, not only in a
dedicated AYA Working Group, but also to write this educational
book specifically focusing on all aspects of AYA oncology.
The handbook describes the major types of malignancy which
might occur during this transitional phase of life. It provides
diagnostic and therapeutic guidance and also gives an idea of
life after cancer. ESMO and SIOP Europe share the same goal:
that no young person should have to die from cancer.
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Preface

Adolescents and young adults (AYAs) with cancer stand at the interface
between paediatric and adult oncology. Tumours in AYAs represent a
unique disease constellation with distinct epidemiological, clinical and
biological characteristics. Prognosis in many of these malignancies
in AYAs tends to be worse compared with their older or younger
counterparts with the same diagnosis. Moreover, young people tend to
consider themselves ‘immortal’ and unaffected by cancer. Diagnosis
of malignancy is usually delayed and comes as a tremendous shock to
the patient and her/his family, impacting profoundly on educational,
professional, social and personal activities.
Due to these unique factors, AYAs with cancer need to be treated by
skilled personnel within an appropriate infrastructure in specialised
facilities. Management needs to be multidisciplinary, carefully
balancing radical treatment with curative intent while avoiding overtreatment and late-treatment sequelae. This handbook, born within the
European Society for Medical Oncology (ESMO)/European Society for
Paediatric Oncology (SIOP Europe) AYA Joint Working Group, comes
to serve this exact purpose. Written by experienced paediatric and
adult oncologists, it aims to provide a comprehensive framework for
the clinician regarding the optimal management of AYAs with cancer.
Above all, it comes to raise awareness on this sensitive patient group
and is dedicated to these young heroes who deserve only the best care
from us.
Giannis Mountzios
On behalf of the Editors and the ESMO/SIOPE AYA Joint
Working Group
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Cancer in adolescents and young adults (AYAs) is a major global
health issue
Studies indicate that both ‘patient delay’ and ‘referral delay’ are
increased in AYAs, therefore the pathway of referral to a specialised
centre can be long and sometimes complicated
All patients should be referred to a specialised centre experienced
in diagnosing and treating cancer in AYAs
A complete work-up and diagnostic procedure should be
performed including histological confirmation and staging of the
tumour burden
It is crucial that all the caregivers work together as a team, to
provide the optimal care for the patient


Cancer in AYAs represents a distinct disease constellation in which
progress in diagnosis and management lags behind that of children and
older adult patients. Moreover, it has been shown that in this patient

1

group, there is a substantial delay in diagnosis of the tumour, which is
clinically relevant considering that these malignancies have a particular
biological behaviour and subsequently different sensitivities to treatment
as compared with other patient age groups. Often, AYAs with cancer face
numerous psychosocial, educational and professional challenges during
this period of their life, which may lead to poor adherence to their proposed treatment plan. In addition, they are often under-represented in
clinical trials and their management usually takes place in centres with
a low number of AYA cancer cases. Unfortunately, it is only in the last
20 years that the oncology community has acknowledged the significant care gap for this age group and focused on the particular difficulties
in AYA cancer management. This has led to the significant conclusion
that universal protocols for AYAs should be created and that centres of
excellence with specialised AYA cancer services should be implemented
throughout Europe.

Definitions
Traditionally, AYAs have been considered as the ‘older’ patients in paediatric oncology and haematology practice and the ‘younger’ patients
in adult practice. This perception led to a general confusion with AYAs
being treated in both adult and paediatric cancer wards by either adult or
paediatric oncologists, based on the primary tumour location and ‘type’
of malignancy, rather than the patient’s age.
At present, there are no universally accepted limits that define the AYA
age range because the interface between adult and children’s services
varies across healthcare systems. According to the World Health Organization (WHO) definition, teenage years are between 13 and 19 years of
age, inclusive, and older patients, from 20 to 39 years of age, are generally considered ‘young adults’. Moreover, in most healthcare systems,
the upper limit for paediatric patients is 14 years of age. Thus, it would
be logical to conclude that the AYA age group ranges from 15 to 39 years
of age. Most international guidelines and reviews on AYAs with cancer
use the aforementioned age spectrum, although regional and national
deviations exist worldwide, since the exact timepoint of transition from
childhood to adulthood differs from culture to culture.
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Particular Aspects of Cancer in AYAs
Cancer in AYAs is a major global health issue. It represents the main
cause of death for medical reasons (other than accidents, homicides
and suicides) in 18-40-year-olds (Table 1). More details regarding the
disease spectrum and the epidemiology of malignancies in AYAs are
provided in Chapter 2.
Table 1 Leading Causes of Death in Young Adults Between 20-39 Years in the United
States in 2005 (Excluding Accidents and Homicides) According to the Surveillance,
Epidemiology and End Results (SEER) Database of the National Cancer Institute.
From: Bleyer A, Barr R. Cancer in young adults 20 to 39 years of age: overview. Semin Oncol 2009; 36:194-206.

Males and Females

Deaths

Females

Deaths

Males

Deaths

1

Suicide

10482

Neoplasms

4888

Suicide

8520

2

Neoplasms

9310

Heart disease

2519

Heart disease

5536

3

Heart disease

8055

Suicide

1962

Neoplasms

4442

4

HIV disease

3142

HIV disease

1069

HIV disease

2073

5

Diabetes mellitus

1514

Cerebrovascular
disease

643

Diabetes mellitus

903

6

Cerebrovascular
disease

1359

Diabetes mellitus

611

Cerebrovascular
disease

716

7

Chronic liver disease

1049

Congenital anomalies 393

Chronic liver disease

685

8

Congenital anomalies 920

Chronic liver disease

Congenital anomalies 527

364

Abbreviation: HIV, human immunodeficiency virus.

It has been shown that certain types of cancer have a different biology
when they affect young adults, as compared with other ages, an observation that is also supported by the higher expression of rare histological
subtypes and the more frequent occurrence of hereditary cancers. In children, carcinogenesis is largely related to genetic factors, in the elderly to
environmental factors and, in young adults, it is most likely attributed
to a mix of these. For example, lymphomas, sarcomas and thyroid cancers, as well as breast, liver and colorectal cancers, may affect AYAs
with higher incidences due to the potential coexistence of hereditary
cancer syndromes, such as neurofibromatosis, ataxia-telangiectasia syndrome, Li-Fraumeni syndrome, Fanconi pancytopaenia, congenital nevi
Adolescents and Young Adults with Cancer:The Pathway of Care
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syndrome, multiple endocrine neoplasia (MEN) syndromes and Turner
syndrome. On the other hand, cancers of the uterine cervix, vagina,
vulva, anus and oropharynx attributed to human papillomavirus (HPV)
infection and melanoma attributed to ultraviolet (UV) sun radiation are
very illustrative examples of neoplasms possibly related to specific environmental risk factors.
These unique biological properties may also account for the different
sensitivities of these malignancies to standard treatments, as compared
with patients in other age groups. For example, breast and colorectal
cancers, as well as soft tissue sarcomas, bear a more dismal prognosis when diagnosed in AYAs, as compared with their younger or older
counterparts, despite the use of identical therapeutic strategies. Moreover, Ewing sarcoma, nephroblastoma, neuroblastoma, cancer of the
uterine cervix, ovarian cancer, liver cancer and brain tumours often have
a poorer prognosis in AYAs than in younger patients.
One last, but fundamental, aspect of the care of younger patients with
cancer is the adherence to treatment. It is generally considered that
younger patients are less likely to adhere to treatment instructions, a follow-up plan or a clinical trial protocol. Potential contributing factors to
this suboptimal compliance are lack of surveillance from parents, family
or spouse/companion, a sense of hyper-optimism and hyper-selfconfidence (characteristic of this age group), the demands of school,
studies or work, potential financial issues and problems in patient transportation to and from the hospital.

The Pathway of Care for AYAs with Cancer
Who Does the Young Patient Initially Address with His/Her Symptoms?
Quite often, diagnosis of cancer in AYAs is delayed and many parameters may account for this, e.g. the reluctance of patients to reveal their
symptoms to their families or doctors. A number of studies indicate that
both the time from symptom onset to the first contact with a doctor (the
so-called ‘patient delay’) and referral to the oncologist (‘referral delay’)
are increased in AYAs. A pilot study in the field (Veneroni et al, 2013),
showed that the main contributing factor to symptom interval in adolescents
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Figure 1 The pathway of care for AYAs diagnosed with cancer, along with the potential
drawbacks, pitfalls and challenges at each step
Symptom
presentation

Initial
diagnosis:
Primary
physician

Treatment in
specialised
AYA cancer
centre

Recovery from
treatment and
rehabilitation

• Reluctance to
reveal symptoms
• Environment
attributes
symptoms
to benign
conditions
• Teens consider
themselves
unaffected by
cancer

• Primary care
physicians not
always alert
to patient’s
symptoms
• Rarity of
tumours in AYA
• Patients not
referred to
specialised
centres

• Lack of
specialised
centres for AYAs
with cancer
• Unavailability of
multidisciplinary
team (MDT)
boards
• Adult patients
with ‘paediatric
type’ tumours
often treated in
centres with low
numbers of such
tumours

• Recovery from
sequelae related
to surgery,
irradiation
and systemic
treatment
• Lack of
expertise in
rehabilitation
process:
• Physiotherapist
• Psychologist
• Family
counselling
• Social worker
• Make-up and
hair specialist

Survivorship
• Monitoring
of long-term
organic and
metabolic
sequelae
• Smoking
cessation,
endorsement of
physical activity
and healthier
lifestyle
• Fertility
preservation
issues
• Challenges in
professional
and social
reintegration
• Fear of cancer
returning

Abbreviation: AYA, adolescent and young adult.

appeared to be due to the time from symptom onset to the first contact with a doctor; however, the time taken by the physician to refer the
patient to a specialist (oncologist or surgeon) able to define the diagnosis
of cancer was also longer. Does delay in diagnosis have an impact on
patient outcomes? Results from a recent study (Ferrari et al, 2016) suggest that at least a subset of patients can benefit from an earlier diagnosis
in terms of survival, while in other cases the intrinsic aggressiveness of
the disease may mask the potential effect of diagnostic delays.
AYAs tend to consider themselves unaffected by serious illnesses, such
as cancer; they are usually more preoccupied with their studies or developing a career and tend to neglect otherwise alerting symptoms, attributing them to excessive fatigue or stress. Moreover, symptoms relating
to the reproductive system (e.g. amenorrhoea, testicular or breast mass,
etc.) are less likely to be reported by teenagers or young adults. Usually,
Adolescents and Young Adults with Cancer:The Pathway of Care
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it may be a parent or a sibling or a very good friend that the teenager will
reveal his or her symptom to. A pilot study in the field (Magni et al, 2016)
showed that inadequate awareness of cancer risk among adolescents is a
substantial contributing factor to delayed diagnosis. It is imperative that
once the problem is revealed, the young patient is referred to a physician and not to underestimate or neglect the symptom. Sometimes AYAs
with cancer complain of persisting symptoms such as weight loss, night
sweats, soft tissue masses, lymph node enlargement, dizziness, cough
or fatigue, yet their symptoms tend to be neglected, underestimated or
attributed to benign conditions. AYAs should feel free to disclose their
symptoms, and their entourage must be keen to discuss them.
Who Makes the Initial Diagnosis?
Usually, the first healthcare professional to see a young patient with suspected malignancy is the primary care physician, general practitioner or
paediatrician. This is another very decisive step in the young patients’ pathway of care. Due to the rarity of serious illness in these age groups, primary
care physicians are not always alert to patients’ persisting symptoms. Gradual weight loss may be attributed to anorexia nervosa, stress or depression,
a persisting cough to an upper respiratory tract infection, and dizziness and
persistent headaches to stress migraine and too much studying.
The spectrum of malignancies in AYAs is rare but serious and every
symptom that is worrisome should prompt the appropriate investigation.
Physical examination, as well as targeted laboratory and imaging tests to
confirm or reject a diagnostic hypothesis, should always be implemented
in the diagnostic algorithm. A positive finding on a computed tomography (CT) or magnetic resonance imaging (MRI) scan, sudden onset of
persistent anaemia, or any other alarming findings should result in referral of the patient to a specialised centre with the appropriate infrastructure and experience in diagnosing and treating cancer in AYAs.
To Whom is the Patient Referred?
The pathway of referral to a specialised centre can be very long
and sometimes extremely complicated in various healthcare systems.
A pilot study in the field (Smith et al, 2018) revealed substantial variation
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in pathways to cancer diagnosis and delivery of optimal care; varying
regulatory requirements and professional willingness to contribute data
were key barriers for the interpretation of the results of this study.
Once the patient is referred to a specialised centre, a complete work-up
and diagnostic procedure should be performed, including histological
confirmation and staging of the tumour burden at the time of diagnosis. A
multidisciplinary team led by an experienced oncologist should oversee
this procedure. At all steps of the process, continuous contact with the
patient and his/her family should be maintained, including the appropriate
psychological support during the difficult first days following diagnosis.
The diagnostic process may include some stressful and sometimes painful
procedures such as biopsies, lumbar puncture, surgical interventions and
repeated blood tests. The final diagnosis might be shocking for the patient
and his/her family, who may be completely unaware of the disease entity.
The treating physician should devote the appropriate time to carefully
and comprehensively explain the meaning of the diagnosis, the immediate consequences and the prognosis. He/she should also provide a robust
treatment plan, explaining in detail the treatment modalities, the time
schedule and sequence and possible side effects related to treatment. Ideally, at this point and if medically indicated, the treating physician should
also offer the possibility of entering an appropriate clinical trial, if such is
available at the centre, and especially trials dedicated to AYAs with cancer
or those bridging the 18-year age barrier. One of the most crucial aspects
of management at this point is that all the caregivers work together as a
team, to provide the optimal care for the patient, including the family, the
boyfriend or girlfriend and close relatives and friends.
Which People Form the Support Team?
The role of the multidisciplinary team is imperative as well. Depending
on the case, the support team might include (but is not restricted to) medical or paediatric oncologists, surgeons, radiotherapists, cancer nurses,
research associates, psychologists, physiotherapists, social workers, plastic surgeons, dentists and even make-up and hair specialists. All the aforementioned healthcare providers form the support team and their roles can
be imperative and indispensable. The physical and psychosocial wellbeing
Adolescents and Young Adults with Cancer:The Pathway of Care
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of the young patient and the maintenance of an acceptable quality of life
for the duration of the therapeutic procedure should be the ongoing aim
of the team, until complete resolution of treatment.
Who Follows Patients After Cancer Diagnosis and Treatment?
The excellent prognosis of many of the tumours in AYAs as well as the
curative intent of the treatment modalities underline the role survivorship
plays in this age group. A large majority of these patients will hopefully
be cured of their cancer and will have a life expectancy similar to that
of friends and colleagues who had not been diagnosed with cancer. This
notion renders issues of life after cancer and of quality of life after cancer of imperative importance. In recent decades, the scientific community
has come to recognise the importance of maintaining an excellent quality
of life in cancer survivors. Efforts have been made to minimise the late
complications of cancer treatment, including cardiotoxicity, neurotoxicity, renal toxicity, cognitive impairment and metabolic sequelae; they also
focus on adopting a healthier lifestyle, including avoiding smoking and
excessive alcohol consumption, implementing daily physical exercise, eating healthily and maintaining a normal body weight. This is why AYA cancer survivors should be closely monitored after the end of their treatment
and throughout the recovery and rehabilitation period.
Finally, perhaps the most difficult aspect of a young patient’s ‘journey’
through cancer is his/her professional and psychosocial reintegration.
Going back to school or university or returning to work can be a challenging experience following a long period of absence and the emotional detachment of the patient can pose serious challenges when he/she
decides to return to his/her daily activities. Problems with going back to
work and obtaining the same position, and relationships with colleagues,
peers, the spouse/companion and family and friends may be overwhelming to the patient who has fought hard for his/her life and is still struggling to cope with professional and financial obligations, the pursuit of
a career and the fear of cancer returning. In all the steps of this long and
stressful process the help of social workers and, most importantly, of
the family and friends can really serve as the catalyst for the smooth reintegration of the young cancer survivor into society.
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We would expect over 150 000 cases of cancer annually in people
aged 15-39 (inclusive) in Europe, increasing from the adolescent age
range onwards
The most frequently occurring cancers in adolescents and young
adults (AYAs) include leukaemia, lymphoma, central nervous system
(CNS) tumours, bone tumours, soft tissue sarcoma (STS), germ
cell tumours (GCTs), melanoma and carcinomas: primarily breast,
colorectal and thyroid. Survival from AYA cancer varies with the
extent and biological features of the cancer
AYAs may have biological variants of cancer that, when compared
with older or younger patients, are favourable (e.g. in melanoma) or
unfavourable (e.g. in acute leukaemia)
Understanding the biology of the AYA patients themselves to
receive a treatment is also important
The causes of AYA cancer are poorly understood, because of very
limited high-quality research


As outlined elsewhere in this volume, cancer in AYAs is a leading cause
of death and disability. An understanding of the pattern of cancer types
in this specific age group, the patterns of incidence and outcome within
subgroups (such as by gender), and the cancers where improvements
have been seen or not seen over recent years will greatly help the clinician to develop health services that can meet the needs of this population,
and focus our research upon the areas of greatest unmet clinical need.
Epidemiological data presented in this chapter pertains, whenever possible, to AYAs aged 15-39 years to align with the latest definition for AYAs
advocated by the European Society for Medical Oncology (ESMO),
European Network for Cancer Research in Children and Adolescents
(ENCCA) and the USA National Cancer Institute (NCI). However, in
certain circumstances, more limited data are only available, for 15-24
or 15-29-year-olds for example, largely attributable to earlier definitions
of AYAs; when doing so, we make this clear in the presented tables and
figures.
There are over 50 million people aged 15-39 inclusive in Europe, according to the Eurostat database. Based on estimated incidence data from
GLOBOCAN for 2020, we would expect 159 000 cases of cancer annually in that population, of which 103 117 (65%) will occur in females.
This is equivalent to world age-standardised incidence rates of 75.7 in
females and 43.1 in males per 100 000. Worldwide, there were an estimated 1 253 412 new cases of cancer in 2020 in 15-39-year-olds, comprising around 6.5% of all cases.

Cancer Incidence and Main Cancer Types
The distribution of tumours is unique to the AYA age group, differing
substantially from older adults and from those observed in younger children. One significant epidemiological feature is the rarity of malignant
disease among AYAs compared with older adults, such that tumours
among 15-29-year-olds account for only 1%-2% of all those diagnosed
in most developed countries in any given year. Extending the age range
to 15-39-year-olds accounts for approximately 5% of all cancer diagnoses in United States’ data or 6.5% in data from Europe.
The Unique Epidemiology of Cancer in Adolescents and Young Adults
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The most frequently occurring cancers in AYAs include leukaemia,
lymphoma, CNS tumours, bone tumours, STS, GCTs, melanoma and
carcinomas: primarily breast, colorectal and thyroid. Together, and considering developed nations, these 10 cancer types account for approximately 90% of all AYA tumours diagnosed; moreover lymphoma, GCTs
and carcinomas account for over 50% of all AYA cancer diagnoses. The
rapid increase in thyroid cancers in recent years and the steady increase
in GCTs are notable.
The pattern of tumours among AYAs necessitates a bespoke cancer classification scheme, since the International Statistical Classification of
Diseases and Related Health Problems 10th Revision (ICD-10) does not
adequately classify cancers according to the morphological definitions
recognised by oncologists. Specialist AYA cancer classification schemes
tend to use morphological and site codes based upon the Third Edition of
the International Classification of Diseases for Oncology (ICD-O-3). AYA
cancer is often classified according to the Birch or Barr classifications or
adaptations thereof, which group tumours into eight major disease groups,
one miscellaneous specified and one unspecified group. However, there
remains a clear need to formulate a more appropriate AYA tumour classification system reflecting the range of tumours seen in the 15-39-year age
range as recommended by a recent AYA epidemiological review.
The distribution of tumours among 15-39-year-olds worldwide categorised by cancer type and gender is illustrated in Figure 1. This shows that
breast carcinoma and GCTs represent the most common forms of cancer
in AYA females and males, respectively.
There are notable geographical differences in cancer distribution by
continent: a higher proportion of Kaposi sarcoma is seen in Africa (10%)
and a lower proportion of thyroid tumours (3%); in Latin America and
the Caribbean, a higher proportion of testis tumours (8%) and Hodgkin
lymphoma (HL) (4%); in North America, higher proportions of melanoma of skin (7%) and HL (5%); in Europe, higher proportions of melanoma of skin (11%) and testis tumours (9%); and in Oceania, higher
proportions of melanoma of skin (8%) and a lower proportion of breast
cancers (14%).
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Figure 1 Distribution of adolescent and young adult (aged 15-39) cancer worldwide
by cancer type and sex (International Classification of Diseases and Related Health
Problems 10th Revision).
From: Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. Lyon, France: International Agency
for Research on Cancer, 2020. Available from: https://gco.iarc.fr/today (date last accessed, 7 August 2022).
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Variation in Incidence Rates by Age
The typical variations in incidence rates by cancer type and age group
are broken down by gender in Figure 2 based upon data from the Surveillance, Epidemiology, and End Results (SEER) 18 areas. A clear female
excess is evident for melanoma and carcinoma among 15-24-year-olds
and remains present even for young adults diagnosed under the age of 40
years. Breast, thyroid and carcinoma of the cervix and uterus dominate
in the female 25-39-year age group. A notable male excess in incidence
is seen among 15-24-year-olds for leukaemia, lymphoma, CNS tumours,
bone tumours, STSs and GCTs. Thereafter, lymphoma, GCTs, colorectal
and other carcinomas tend to dominate among 25-39-year-olds.
Most published work examining the relationship between cancer incidence and age for AYAs indicates that incidence rates increase with
increasing age at diagnosis (Figure 2). This trend actually begins to
emerge in younger childhood, where incidence rates for 0-14-year-olds
are around 10-18 per 100 000 per year. Rates then increase to around
20 per 100 000 population per year among 15-19-year-olds for both
males and females, while for 35-39-year-olds rates reach 90 and 180 per
100 000 population per year for males and females, respectively.
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Figure 2 Age- and gender-specific incidence rates: AYAs aged 15-39 years
diagnosed 2010-2014 in the United States.
Modified from: Trama A, Botta L, Steliarova-Foucher E. Cancer burden in adolescents and young adults: a review
of epidemiological evidence. Cancer J 2018; 24:256-266.

Abbreviations: AYA, adolescent and young adult; CNS, central nervous system; GCTN, germ cell and trophoblastic neoplasms.

International Variation and Time Trends in Incidence Rates
Comparative international data on incidence are available from both
specific AYA publications as well as those emerging from extended
paediatric reports. The latter include the International Incidence of
Childhood Cancer Volume III, describing incidence rates up to age 20
derived from more than 300 population-based cancer registries across
five continents, as well as the Automated Childhood Cancer Information System (ACCIS) European project based on data drawn from 80
population-based cancer registries in 35 countries diagnosed from 1970
to 2001.
Age-standardised rates and the distribution of tumours is broadly similar across western, northern and central Europe. There has been a clear,
steady annual increase in incidence rates seen for most AYA cancers since
the 1970s, typically averaging around 2% per year for 15-19-year-olds
in Europe between 1978 and 1997 and 1.5% per year for 15-24-yearolds in England between 1979 and 2003. For European 15-19-year-olds,
increases have been reported for lymphoma, CNS tumours, GCTs, melanoma and thyroid and skin carcinoma. Moreover, these increases are
higher than similar reports for childhood cancers relating specifically
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to 0-14-year-olds. A similar pattern was seen among 15-39-year-olds in
the USA with increases in incidence of 0.6% to 1.4% per year. The most
pronounced increase was observed for thyroid cancer but also evident for
breast, corpus uteri and melanoma in females, and for colorectal, nonHodgkin lymphoma (NHL) and testicular tumours in males. Consistent
rises in AYA cancer incidence of up to 2% per year have been reported
from Australia, England, Korea, Latin America and the Netherlands,
although no change in incidence was observed in France.
In terms of a worldwide perspective, variation in incidence of AYA cancer
among 15-39-year-olds is evident from Figure 3. There is a much greater
degree of variation in incidence rates worldwide among females compared
with males (Figure 4). The overall estimated age-standardised rate in 2020
for females is 51.0 and 27.6 for males. Generally, higher rates are observed
in Oceania, Europe and North America, whereas lower rates are evident
in Africa, Asia, the Caribbean, Polynesia and Micronesia (Figure 4). Furthermore, there is a clear association between incidence rates and levels
of socioeconomic development such that regions with very high Human
Development Index (HDI) values [https://hdr.undp.org/data-center/
human-development-index#/indicies/HDI; date last accessed, 7 August
2022] tend to exhibit overall incidence rates which are twice or more of
those in regions with a low or medium HDI value. Particularly notable are
regions in the developing world which reflect a higher burden of infectionassociated cancers such as tumours of the liver and nasopharynx, Kaposi
sarcoma and NHL. There is emerging evidence that AYAs aged 15-39
years also experience some of the fastest rises in incidence over time. For
example, USA data between 2005-2014 have shown increases of between
0.6%-1.4%, with the largest rises observed in females for breast cancer,
corpus uteri, melanoma and thyroid cancer, and for males: colorectal cancer, NHL and testicular cancer. However, a more comprehensive, internationally focused evaluation of trends in incidence is needed covering the
entire 15-39 age range.

AYA Cancer Survival
The survival from AYA cancer varies with the extent of the cancer and the
biological features, from extremely low odds of surviving 5 years after
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Figure 3 Estimated age-standardised incidence rates for AYAs aged 15-39 years in
2020, all cancers.
From: Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. Lyon, France: International Agency
for Research on Cancer, 2020. Available from: https://gco.iarc.fr/today (date last accessed, 7 August 2022).

Abbreviations: ASR, age standardised rate; AYA, adolescent and young adult.

Figure 4 Estimated age-standardised incidence rates for female and male AYAs
aged 15-39 years in 2020 by world area.*
From: Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. Lyon, France: International Agency
for Research on Cancer, 2020. Available from: https://gco.iarc.fr/today (date last accessed, 7 August 2022).
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cancer diagnosis in many bone sarcomas and brain tumours, to very high
odds in early melanoma, GCTs and HL. Advanced melanoma survival
may well improve when novel drug mechanisms can be converted into
effective treatments. AYAs may have biological variants of cancer that,
when compared with older or younger patients, are favourable (e.g. in
melanoma) or unfavourable (e.g. in acute leukaemia). Understanding the
biology of the AYA themselves to receive a treatment is also important.
International survival estimates for AYAs have been drawn from two major
international data sources: EUROCARE-5 and the SEER programme. The
EUROCARE-5 European collaborative project comprises pooled data
on 22 million individuals diagnosed between 1978-2007 from 117 population-based cancer registries, spanning 31 countries. There have also
been AYA-specific analyses based upon the main EUROCARE database,
with data available for the full AYA range of 15-39-year-olds. Geographical variation in survival has been reported across the European continent
with survival estimates generally highest in northern Europe and lowest
in eastern Europe. In the USA, population-based survival estimates are
available from the SEER programme, which is a representative sample
of 26% of the US population.
Overall 5-year relative survival (RS) estimates for AYAs typically range
from 74% in Korea (ages 15-29) to 89% in Australia (ages 15-24).
European RS estimates for 15-39-year-olds were 79% in the latest
EUROCARE-5 dataset and 83% in Canada (ages 15-29).
Temporal Trends in Survival Estimates
Survival estimates for AYAs across Europe and the USA have generally
improved steadily over time, with overall 5-year RS estimates for all cancers combined increasing from around 65%-70% in the 1970s to around
80%-85% by the end of the 2000s. These trends were also mirrored in
Korea and Australia. Survival estimates also improved at a faster rate
in males compared with females, although the improvement in males
began from a lower baseline survival rate and tumours with a better prognosis also occurred more often in males. In a comparison of changes
in survival between the USA and Europe for cancers common in chil-
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dren aged under 15 years and AYAs aged 15-39 years from 1978-2006, a
greater rise was observed for AYAs in Europe compared with the USA:
the annual percent change in Europe was 1.9% (1978-1993) and 1.0%
(1993-2006), compared with 0.8% in the USA for the entire period. This
was similar for acute lymphoblastic leukaemia (ALL) in 20-39-yearolds, with a greater increase seen in Europe (3.2%) compared with the
USA (2.1%). However, for 15-19-year-olds the rise was slightly higher
in the USA (2.5%) compared with Europe (2.2%).
Factors responsible for the increases in survival include more effective
chemotherapy and radiotherapy, and better integrated care and expertise
within childhood and AYA cancer, particularly multidisciplinary working resulting in a higher chance of entering clinical trials.
However, in the USA, the rates of improvement in overall RS estimates
for AYAs have not mirrored those of younger children nor indeed older
adults apart from ALL. Proposed reasons for this observation have
included the lack of access to, and participation in, clinical trials, as well
as the poor health insurance coverage within this age group. There is
reasonably convincing evidence that improvements in AYA survival in
the USA has been sustained since the 1970s, after controlling for the
effects of the human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) epidemic during the 1980s and 1990s,
which increased the incidence of Kaposi sarcoma and non-Burkitt NHL.
Survival Differences by Cancer Type
European and US data have shown clear variation in survival outcomes
according to cancer type (Figure 5). The highest 5-year survival estimates
observed for AYAs exceed 90% for HL, testicular and ovarian GCTs,
melanoma and thyroid carcinoma. Non-gonadal GCTs and breast and
cervical carcinomas all exceed 80% survival at 5 years. On the contrary,
bone tumours and STSs exhibit some of the lowest survival estimates at
around 55%, with Ewing sarcoma and rhabdomyosarcoma in particular
struggling to exceed 50% 5-year survival estimates. There is also a salient
group of tumours associated with moderate survival outcomes which
includes acute leukaemias, NHLs, CNS tumours, osteosarcoma, nonrhabdomyosarcoma STSs, ovarian carcinoma and colorectal carcinoma.
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Survival Differences by Gender
Females exhibit slightly higher survival estimates compared with males
(Figure 5), with an excess reported in European populations for all cancers combined translating into a 3%-5% increase in absolute percentage
points. This pattern was seen for acute myeloid leukaemia (AML), HL,
NHL, CNS tumours, STSs, melanoma, thyroid carcinoma, breast carcinoma, head and neck carcinoma, and lung and tracheal carcinoma (Figure 5). As skin melanoma and thyroid carcinoma are over-represented in
females and have a good prognosis, this explains some of the survival
advantage over males. The most striking example of this difference is
for melanoma and non-rhabdomyosarcoma STSs, such that 5-year survival estimates for females compared with males were 96% versus 84%,
and 73% versus 62%, respectively. In certain European populations, this
effect has attenuated over time for most cancers except for melanoma and
non-rhabdomyosarcoma STSs. Equally, there are tumours where male
survival estimates exceed those for females, such as urinary tract carcinomas and gonadal GCTs. Many explanations have been suggested for the
gender differences observed, without a unifying conclusion being drawn;
the differing biology, differing clinical presentation or differences in treatment tolerance for example.
Survival Differences by Age at Diagnosis
Survival estimates also differ according to age at diagnosis within the
AYA age range for certain diagnostic groups. For ALL, 5-year RS
estimates are similar for 15-19 and 35-39-year-olds (60%) but slightly
lower for 20-34-year-olds (45%-55%). However, no differences were
seen by age group at diagnosis for any other haematological tumours.
CNS tumours exhibit higher survival estimates for 15-29-year-olds
(60%-63%) in comparison to 30-39-year-olds (50%-57%) particularly
for astrocytoma (41%). Bone tumour survival is generally higher among
15-24-year-olds (50%) than 25-39-year-olds (43%-48%). STS survival
estimates have been reported to be lower among 15-19-year-olds (63%)
compared with 25-39-year-olds (69%-73%). GCTs and colorectal carcinoma demonstrate increasing survival estimates as age at diagnosis increases within the AYA range, while head/neck and lung/trachea
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Figure 5 Five-year relative survival estimates for major AYA cancers diagnosed
2000-2007 aged 15-39 years in Europe by sex.
Modified from: Trama A, Botta L, Foschi R, et al. Survival of European adolescents and young adults diagnosed
with cancer in 2000-07: population-based data from EUROCARE-5. Lancet Oncol 2016; 17:896–906.

Abbreviations: AYA, adolescent and young adult; CNS, central nervous system.

carcinoma show a decreasing trend with age. Explanations may include
the differing biology, differing clinical trial recruitment, differing clinical presentation or differences in treatment tolerance.

Cancer Mortality
Cancer mortality rates provide a key public health barometer and are
influenced by both cancer incidence and survival rates. Despite the
occurrence of cancer being a relatively rare event among AYAs, accounting for only 7% of all cancer-related mortality, it is one of the leading
causes of death within the AYA age range. Worldwide, there were an estimated 386 520 fatalities due to cancer among 15-39-year-olds in 2020,
comprising around 4% of all cancer-related deaths. Overall mortality
rates among 15-39-year-olds are around 10% higher in females (agestandardised mortality rate [ASMR] 13 per 100 000 per year) compared
with males (ASMR 11.3). The burden of cancer mortality is around five
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times greater among 15-39-year-olds than 0-14-year-olds, with highest
mortality rates seen in Africa (ASMR 20.9 for females, 12.6 for males)
compared with North America (ASMR 7.8 and 6.8) and Europe (ASMR
9.3 and 7.7).
Mortality rates increase as age increases, rising from 4.0 and 5.1 per 100 000
per year among female and male 15-19-year-olds, to 33.2 and 24.7 for
female and male 35-39-year-olds, respectively.
The tumour groups accounting for the majority of AYA deaths are female
breast cancer (ASMR 2.6), cervical cancer (ASMR 1.9), leukaemia
(ASMR 1.5), liver cancer (ASMR 0.9) and CNS tumours (ASMR 0.9).
Combined, these five tumour types comprise around half of all cancerrelated deaths in the AYA age range. Increasing levels of the HDI are
associated with lower mortality rates. The burden of mortality is around
two times higher in regions with low levels of HDI, representing ASMRs
of 17.2 versus high and very high levels of HDI (10.5 cancer-related
deaths per 100 000 population per year). Nonetheless, cancer mortality
rates have improved considerably since the 1970s, typically showing an
average reduction of 2% per annum, such that rates have fallen by more
than 50% over this period in Europe. Similar trends have been observed
in the USA, with the exception of corpus uteri mortality rates, which
increased between 2005-2014 in 35-39-year–olds.

Aetiological Factors
The causes of AYA cancer are poorly understood, because of very limited high-quality research. Virally mediated AYA cancers, such as carcinoma of cervix, are increasingly preventable. Familial cancers of bowel
or breast in AYAs are increasingly prevented by pre-cancer treatments or
detected early where screening is in place.
Leukaemia in childhood has been strongly linked with an infectious aetiology, especially for those presenting between the ages of 2 and 6 years with
precursor B-cell leukaemia. Specifically, there is evidence that an abnormal immune response to common infection(s) plays a role in the aetiology of ALL. Although the putative mechanism is likely to be different in
older AYAs, not least because the incidence rates of ALL decrease with
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increasing age through the childhood and young adult age range, there
may be additional clues to causal factors for ALL from the examination
of trends in the male:female excess in incidence. Bleyer and colleagues
(2008) have shown from US data that there is a much more pronounced
male leukaemia excess for AYAs between the ages of 15-29 years compared with both younger children and older adults; this might infer a biologically distinct form of ALL within the AYA age group. Male hormonal
factors may also be implicated in disease aetiology, at least for a certain
proportion of ALL tumours, since higher incidence rates in males occur
during the adolescent growth spurt. There is much weaker published
aetiological evidence for AML, although exposure to environmental
chemical agents has been hypothesised due to the increased risk of AML
through chemical induction in AYAs.
The role of viruses has been linked to the development of HL and NHL
in adults, including Epstein-Barr virus (EBV), human immunodeficiency
virus 1 (HIV1) and human T-lymphotropic virus 1 (HTLV1). Polyomaviruses such as BK, John Cunningham (JC) and simian virus 40 may
also be involved in the aetiology of specific adult CNS cancers, based
on evidence that viral DNA sequences have been identified within these
tumours. The lack of any robust observational study designs assessing
these viral associations suggests that such investigations should be prioritised for funding. In terms of genetic risk factors, CNS tumours occurring within AYAs have also been associated with adenomatous polyposis
coli and TP53 germline mutations. A notable excess in incidence of nasopharyngeal carcinoma has been observed in south-east Asian countries
with clear associations attributable to EBV infection. Similar associations are likely to exist in western populations. The herpes simplex virus
type 2 (HSV-2) and human papillomavirus (HPV) have been associated
with the onset of carcinoma of the uterus and cervix in female AYAs.
Bone sarcoma and STS, especially osteosarcoma, may be related to growth
during adolescence. The rationale for this stems intriguingly from the
epidemiology of osteosarcoma showing that tumours tend to arise most
often at bone sites which undergo the largest increase in size, such as
the distal femur, proximal tibia and proximal humerus. Some limited
evidence has also shown that AYAs presenting with osteosarcoma and
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Ewing sarcoma might be taller than the non-cancer population. Therefore, factors associated with growth and development, such as diet,
physical activity and hormones, may be worthy of investigation in larger,
well-designed aetiological studies. Genetic factors are almost certainly
involved in the aetiology of Ewing sarcoma among AYAs based on epidemiological evidence showing that incidence rates in Black populations
are miniscule. Osteosarcoma and STS have both been reported in families with germline TP53 mutations.
Postnatal growth has been implicated in the onset of testicular GCTs,
with adult height shown to be associated with an increased risk in Sweden using data drawn from a national cohort study, although actual numbers of GCTs were small. Melanoma of the skin has convincing associations with extended exposure to sunlight and ultraviolet radiation among
AYAs, with the risk being particularly prominent within fair-skinned
Caucasian populations.
Genes associated with hereditary breast cancer such as BRCA1 and
BRCA2 are well established. There is also emerging evidence for breast
carcinoma coinciding with unusual germline mutations such as TP53
in Li-Fraumeni syndrome, STK11 mutations in Peutz-Jeghers syndrome
and phosphatase and tensin homologue (PTEN) mutations in Cowden
syndrome.

Conclusions
We have identified many key points of relevant knowledge within the
epidemiology in AYA cancer. Several have clear consequences for clinical practice:
n Compared with older adults, the AYA cancer incidence is low.
However:
n those affected have many years of life remaining to contribute to
society, when successfully treated
n for several cancers onset at this age is usual, including osteosarcoma, GCTs and HL.
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n

n

n

n

A pathologically driven classification of AYA cancers aligning to the
15-39-year age range (e.g. Ewing sarcoma, yolk sac tumour) is more
useful than a ‘site-of-onset’-driven (e.g. chest wall cancer, testicular
cancer) classification to facilitate robust international epidemiological comparisons. This may well be the case soon for many other adult
cancers as biological factors and biological target-specific therapies
mature, such as in BRAF-positive melanoma.
National variations in incidence should influence the local design of
health services.
Tumours with higher mortality or variation in mortality by age or
geography represent key opportunities for clinical or biological
research and the potential for biological or health services research to
improve outcomes.


A knowledge of the epidemiology can help the clinician recognise
presentations at unusual ages and direct clinicians to explore specific
cases for unusual biology. Examples include a genetic predisposition
in an adolescent breast adenocarcinoma or an unusual translocation
in a Ewing Sarcoma in a 38-year-old.
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The diagnosis and treatment of cancer in adolescents and young
adults (AYAs) complicates an already developmentally complex
life-stage, creating unique challenges for cancer care
Engaging AYAs in their own care is critical to delivering bestpractice, age-appropriate care
A holistic approach to screening and assessment promotes a
healthy rapport between the clinician and the young person


Overview (continued)
n

n

Repeated systematic screening, assessment and care planning is
central to ensuring young people with cancer receive care that is
flexible, responsive and tailored to their needs and situation
Good communication is essential as it facilitates the timely
identification of issues and provision of appropriate support, as well
as building a collaborative working relationship between AYAs with
cancer and their treating teams


AYAs with cancer are at risk of psychological, emotional and social
complications that may extend well into adulthood. Their dynamic
developmental stage creates unique challenges for cancer care and their
burgeoning desire for independence can conflict with disease- and treatment-imposed dependence. Additionally, the ongoing cognitive, emotional and social development of AYAs means that while they may be
mature enough to understand the implications of their diagnosis, they
may be less capable of coping with the associated psychosocial impact.
Clinicians working with young people with cancer consequently have
two roles: first, to support them through diagnosis and treatment; and
second, to facilitate their healthy psychosocial development and transition to survivorship. This requires open communication and regular
assessment of the AYA patient’s needs and situation throughout the cancer trajectory.
The provision of appropriate care, support and information to AYAs
requires an understanding of each individual’s current needs, ideally
informed by the patient’s own experiences rather than based on professional assumption. Psychosocial screening, assessment, care planning
and treatment processes should be repeated across the care continuum,
allowing clinicians to identify AYAs at risk of negative psychosocial
outcomes, monitor wellbeing over time and identify areas needing
additional support. This preventative approach allows the provision of
supportive care that is tailored to the individual’s needs and responsive
to changes in their situation. This international shift towards holistic,
Psychosocial Screening and Assessment in Adolescents and Young Adults with Cancer
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integrated care has resulted in a critical improvement in meeting AYA
patients’ complex needs through referrals both within multidisciplinary
teams and to external support organisations, and is dependent on not only
good communication between patients and clinicians, but importantly
amongst care providers.
Working effectively with AYAs with cancer requires clinicians to simultaneously acknowledge the AYA patient’s psychosocial context, identify
and address the disruption of cancer and the distress and needs arising
from this, and build resilience amidst adversity. To achieve this, good
communication and assessment are reciprocally involved: open communication is necessary for clinicians to elicit honest answers and develop
a holistic understanding of the patient’s situation, while screening and
assessment processes help build rapport and demonstrate concern about
the patient as an individual.

Working with Young People – Some Essentials
Understanding young people is crucial to providing appropriate care to
AYAs. The biopsychosocial approach1 emphasises that AYAs with cancer are young people first and foremost: in the process of transitioning
from childhood to adulthood, normative concerns about establishing
identity and independence, peer and romantic relationships, and longerterm decision-making about education, vocation and family intersect
with ongoing physical, cognitive and psychosocial development, with
the prevalence of mental health issues also peaking during this stage.
The diagnosis and treatment of cancer at this life-stage can complicate
these maturational processes (e.g. through extended periods away from
school).

Building Rapport
Engaging young people in clinical settings can be difficult, particularly
if they are experiencing feelings of anger, fear or intimidation, which
are common during the early stages of cancer diagnosis and treatment.
1
In general, a biopsychosocial approach to care acknowledges that biological, psychological (i.e. emotions, cognitions), social
(i.e. environment, economics, culture), and behavioural processes are interrelated in shaping human responses to disease (Engel, 1977).
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Communication barriers may persist when discussing sensitive or personal areas of their life (e.g. emotional problems, family issues, peer
and romantic relationships, sexual behaviour and drug use). Patients may
fear potential misunderstanding, ridicule or judgement, while clinicians’
feelings of embarrassment, awkwardness and uncertainty may also discourage them from initiating these conversations. This may include normalising for the patient that there may be topics that they initially feel
uncomfortable discussing but may grow more comfortable talking about
over the course of a few meetings (see Table 1). Despite these barriers, carefully raising and discussing sensitive topics using psychosocial
assessment tools can ultimately improve the patient–clinician relationship and the young person’s overall circumstance – for example, they
may participate more actively in their care and feel more understood
when clinicians raise these matters.
A powerful strategy in successfully engaging young people and establishing a good working relationship early in the care trajectory is to invite
them to contribute their own ‘expert voice’ to consultations; a simple
acknowledgement by the clinician that while they may be an ‘expert on
cancer treatment’, the young person is also an ‘expert’ in their own right
on their own life, and on what works for them in terms of their healthcare, mental health and wellbeing. Clinicians should have this attitude
even when the young person is absent; for example, in communication
between multidisciplinary team members and external support services.

Who is in Control?
The AYA years are not only a time of risk, however; they can also be
viewed as an opportunity for young people to learn about, and become
engaged in, their own healthcare. Clinicians who work effectively with
AYA cancer patients often do so by acknowledging the hidden strengths
in AYAs’ vulnerabilities. For example, AYAs’ developing maturity can
mean that they are incredibly curious and motivated to learn about their
health, cancer treatment and the clinicians around them. AYAs’ inexperience with medical systems and professional hierarchies can also
mean that they are uniquely honest, frank and genuine to work with. In
Psychosocial Screening and Assessment in Adolescents and Young Adults with Cancer
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acknowledging these strengths, a clinician might express: “You’ve managed to hold down a casual job at a café while finishing your final year
of school and still having a social life – this tells me that you’ve got some
great skills/tools that you’ve used to help you cope with busy, stressful
and difficult times. I want to hear more about how you’ve coped during these times, so we can make a plan around how you might cope if/
when things get a bit tougher during treatment.” To mitigate the potential
risks associated with this life-stage, and capitalise on the strengths young
people can bring into the clinical setting, it is important for clinicians to
engage AYAs in managing their own care, approaching them as active,
autonomous partners in decision making and care-planning rather than
passive recipients of treatment.
Neither chronological age, a parent’s opinion, nor the ‘impression’ that
an AYA patient gives should be used to determine the level of involvement an AYA patient is invited to have in their care. Speaking openly
about how involved the patient would like to be in aspects of their treatment is crucial. However, as AYA patients’ capacities and needs can fluctuate throughout the cancer trajectory, it is critical to revisit this conversation at regular intervals and at important treatment/decision-making
junctures. For example, the clinician can explore with the young person,
“When we first met, you told me that you wanted to be given all information and help only when making the big decisions; is this still how
you feel?” While some AYAs may not wish to be actively involved in
treatment-related decision-making, being given the choice will almost
certainly benefit their rapport with clinicians.
Additionally, some AYAs may resist and react against the perceived disruption of ‘normal life’ by cancer. In the context of a largely uncontrollable cancer experience, the patient may choose to exert control by,
for example, not taking some of their medications or by prioritising
engagement in activities to the detriment of their health or treatment
regimen (e.g. attending a concert while in pain or febrile; going shopping at a busy mall while immunocompromised; missing/avoiding medical appointments that clash with social events). While this behaviour is
quite developmentally normal (and should be acknowledged as such for
patients), it can create challenges for the treating team by complicating
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symptom management and, at the most extreme end, jeopardising treatment efficacy.

Sharing and Explaining Health Information
AYA patients’ emerging cognitive and/or emotional capacity to understand, digest and retain complex medical information across the treatment trajectory will also be impacted by their fatigue, pain, levels of
distress and treatment/medication-related side effects. In particular,
symptoms of stress, anxiety and depression can significantly impact AYA
patients’ working-memory capacity, attention and concentration – all
essential for patients to effectively participate in their medical care. This
may be compounded by unfamiliar clinicians and treatment settings, and
limited health literacy and experience navigating the healthcare system.
Taking time to talk directly to patients using clear, easy-to-understand
language and encouraging them to ask questions enhances engagement
and communication. Supporting patients to summarise what they have
understood from the consultation using techniques such as the ‘teachback’ method may also support AYA patients’ information comprehension and retention. Clinicians should also review important information
or processes at regular intervals, and not assume that having had the conversation once means that a patient recalls what was said. Finally, consideration should be given to web-based information resources: online
resources are preferred over printed resources by some AYAs and may
be more accessible and easily updated over time. AYAs are also likely
to independently seek information and support online; clinicians should
not be surprised or threatened by this, as many patients of all ages report
wanting to have as much information as possible about their cancer situation. Rather, clinicians should be prepared to help AYAs understand and
evaluate the information they encounter, and direct them to trusted and
appropriate online resources.

Working with AYAs’ Wider Circles of Support
Appropriate care also involves a ‘family systems’ approach, as many
AYAs remain in or return to the family home during treatment. Many
rely on their families for practical and emotional support, which may
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conflict with their growing drive for autonomy. Clinicians must therefore
tread a fine line between meeting their patients’ needs and keeping their
families informed and involved. Concerns about confidentiality may be
a significant barrier to open communication, with some young people
feeling unable to share information openly to avoid potentially upsetting
family members. Consequently, issues of privacy, confidentiality and
family dynamics should be explicitly addressed early in the care trajectory so that the patient’s family can be integrated into the care plan to an
extent that the young person is comfortable with. Support and information may be offered to the family as needed. Table 1 highlights how clinicians can approach balancing such confidentiality considerations with
appropriate family member/support person involvement.

Psychosocial Assessment and Care of AYA Patients
The biopsychosocial approach to AYA cancer care requires clinicians to
be aware not only of their patients’ cancer-related needs and concerns,
but also of their broader living situation. The use of developmentally
appropriate, standardised screening and assessment tools is central to
ensuring access to holistic psychosocial care for all AYAs with cancer,
yet few such instruments are available. In recognition of this, Canteen
Australia2 led the development of The Adolescent and Young Adult
Oncology Psychosocial Care Manual, which contains AYA-specific
validated screening, assessment and care-planning tools, along with
guidance on how to administer the tools and interpret results. A copy of
the manual and associated materials is available at https://www.canteen.
org.au/health-education/measures-manuals/aya-oncology-psychosocialcare-manual (date last accessed, 7 August 2022). Figure 1 illustrates the
manual’s psychosocial care pathway.
While these steps are presented as sequential, the screening and careplanning processes should ideally be repeated at several points across the
care trajectory; at diagnosis, during early treatment, 6 months post-diagnosis and treatment completion at a minimum. Further screening may be
2
Canteen is the national organisation for Australian AYAs (aged 12-25 years) living with cancer and provides support to young people
who have (or have had) cancer themselves, who have a parent or sibling with cancer, or who have experienced the death of a parent
or sibling to cancer.
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Figure 1 The AYA oncology psychosocial care pathway (summarising pages extracted
from the Adolescent and Young Adult Oncology Psychosocial Care Manual (Rev. Ed.).
Australia: Canteen, 2021.
Copies of the book can be downloaded from: https://www.canteen.org.au/health-education/measures-manuals/
aya-oncology-psychosocial-care-manual (date last accessed, 7 August 2022). Reproduced with the permission of
Canteen, Australia.
Adolescent and Young Adult
Oncology Screening Tool

Adolescent and Young Adult
Oncology Assessment Measure

Adolescent and Young
Adult Oncology Care Plan

Adapted from Goldenring and Colleagues HEADSS Assessment 1988

Reproduced and adapted with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines
TM) for distress Management V.1 2011 © 2010 National Comprehensive Cancer Network, Inc. All rights reserved.

1. General Distress
How much distress have you been feeling over the past week?
(Circle a number from 0 to 10)

Information Provided:

Patient Name

Patient Name

Patient Name

Goal of Assessment

Date of Administration

Distress Thermometer Score

Date of Administration

Confidentiality

Details of Lead Clinician

Care Plan Development

Patient Name

Date of next Administration

Date of Initial Care Plan

Information Provided:

No Distress

Office Use Only:

Office Use Only:

Date of Administration

High Distress

Office Use Only:

Office Use Only:

Alcohol and drug use
Fertility preservation

Entertainment

Communication tools

Home comforts

Sexual health

Recommended websites

Education Support

Rating:

Social

Emotional
Sadness
Feeling alone or isolated
Anxiety or fear
Guilt
Boredom
Anger or frustration
Extreme moodiness
Feeling hopeless or helpless
Feeling confused
Loss of meaning or purpose
Loss of faith or spirituality

H: high concern

I: information provision

Rating Code

RA: risk assessment

Support Organisations

*UR: urgent response
ATM: AYA team management

What we are going to do

Contact
(name & number)

Topic

Education
Work or career

Understanding of information
Feeling involved in decision making
Feeling listened to
(eg. by doctors, nurses, family)
Rights to confidentiality
Rights to privacy
Other areas of concern not listed:

General appearance
Hair Loss
Breathing difficulty
Fitness or sporting ability
Sleeping difficulty
Constipation or diarrhoea
Sexual concerns
Loss of libido (desire for sex)
Pain when having sex
Fertility
Eating or appetite
Extreme exhaustion or tiredness
Memory or concentration
Tingling in hands or feet
Pain
Nausea or vomiting
High temperature or fever
Use of alcohol and/or drugs
Other medical worry

_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________
_____________________________

Transport or parking
Bills or finance

Family
Mum and/or Dad
Brother(s) and/or sister(s)
Partner, boyfriend or girlfriend
Child(ren)
Other family members

Emotional
Sadness

Patient Signature: ___________________________________________________ Date: ___________________________
Clinician Signature: __________________________________________________ Date: ___________________________
I am currently participating in a clinical trial or research study. Name of trial(s) or study (if known)

How has your sleeping
been? How have your
energy levels been? Have
you noticed any change in
your appetite? Changes in
your weight? Do you ever
notice that you are short of
breath? Do you ever
experience a racing heart?

Anxiety or fear
Guilt
Boredom
Anger or frustration
Extreme moodiness
Feeling hopeless or helpless
Feeling confused
Loss of meaning or purpose
Loss of faith or spirituality
Isolated from friends
Missing important events
Friends don't understand
Worry about boy/girlfriend
Missing doing the "normal stuff" with friends

___________________________________
CanTeen Australia - 32

Alerts (Risk or Protective)

______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________

__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________

______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________

__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________

Physical Systems Review

Feeling alone or isolated

Social
I, ________________________________________ understand that the above information will be used by
(Patient's name)
my treating team to develop a care plan for me

Notes

Recent Patient History
Tell me 'your story'.

Housing

Information

Isolated from friends
Missing important events
Friends don't understand
Worry about boy/girlfriend
Missing doing the "normal stuff" with friends
Physical

Mum and/or Dad
Brother(s) and/or sister(s)
Partner, boyfriend or girlfriend
Child(ren)
Other family members

R: referral

Practical

2. Specific Areas of Distress or Concern

Housing or living arrangements
Education
Work or career
Transport or parking
Bills or finances

M: medium concern

Issue
(cross out those not indicated)

In the boxes provided, please indicate which areas have been an issue for you over the past week.

Family

L: low concern

Intervention codes: A: assessment

Lead Clinician

Practical

Details of Lead Clinician

Date of Review

Clinical trials
Support organisations

33 - Adolescent and Young Adult Oncology Psychosocial Care Manual

35 - Adolescent and Young Adult Oncology Psychosocial Care Manual

Screening

Care Plan

Assessment

The AYA Psycho-Oncology
Screening Tool (AYA-POST)
contains the following:
• Distress Thermometer
identifies current distress
• Needs Assessment identifies
current needs
• Tick boxes prompt clinicians
to provide important
information
• Appointment prompt to
develop the Care Plan
• Patient and clinician sign-off
The screening tool also helps to
build patient-clinician rapport
and highlight the ongoing
involvement of the care team

The Care Plan allows clinicians
to collate information from
screening and develop
strategies to manage these
issues
• Plan is developed
cooperatively by patients
and clinicians
• The AYA sets priorities
for care
• Needs are addressed
through referral, information,
further assessment or
standard care
• Referral details allow AYAs to
self-manage care (if desired)
• Plan can aid communication

The more detailed
Assessment Measure is
completed 6-8 weeks postdiagnosis, or once treatment
is established
• Domains: patient history,
physical systems, family,
education, employment,
social history, habits (alcohol/
drugs), relationships/
dating, mental health status,
stressors, strengths and
supports
• Identifies risk/protective
factors.
• Allows refinement of
Care Plan
• Promotes healthy
survivorship

Abbreviation: AYA, adolescent and young adult.
The Care Plan and Assessment Measure forms reproduced here show the first pages only.
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undertaken at other periods of changing need, such as remission, recurrence, following changes in treatment, and at significant times in the AYA
patient’s life (e.g. returning to school/work). The care plan can then be
revised in response to the young person’s changing situation and needs.
Through repeated screening and care planning, treating teams can monitor the progressive coping of patients, identify areas requiring further support and ensure that care is tailored to the AYA patient’s evolving needs.

Screening
Following interdisciplinary consultation within the treating team, either
the AYA’s case/key worker and/or a clinician with some experience of
providing psychosocial support to AYA patients should meet the young
person to outline the process and purpose of the psychosocial screening
and assessment (Table 1). The initial screening should be brief, providing
an indication of the patient’s psychosocial wellbeing and highlighting
areas of concern. This allows clinicians to triage priorities and resources
for ongoing care. For example, the AYA Psycho-Oncology Screening
Tool (AYA-POST) asks patients to rate their distress over the past week
on a distress thermometer, identify concerns/needs on a checklist, and
also prompts clinicians to provide important information (e.g. on clinical
trials). Table 1 highlights a number of practical considerations in successfully implementing the screening process with AYAs with cancer.

Planning Care
Following initial screening, a care plan should be developed to address
the patient’s current needs as identified during the screening process.
Developed collaboratively by the young person and the clinician, it
highlights issues requiring attention and details the management strategies proposed so that the AYA is able to be involved in their own care.
The clinician should raise possible issues and solutions to ‘workshop’
with the patient; for example, for a patient who reported considerable
mental health and relationship concerns in their screening: “You indicated last time that your current distress level is 8/10, and that you’ve
had a lot of issues with anxiety for a number of years now, with some
recent family difficulties. I’m wondering if it could be useful for us to
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Table 1 Suggested Solutions to Possible Issues with Introducing Psychosocial Screening.
Issue/consideration

Suggestion

Integrating into care

Potential benefits

Process for
The healthcare
introducing the tool team should ideally
collaboratively discuss/
plan which clinician will
meet with the AYA for
their initial screening
appointment, and
if time permits, that
clinician may even
introduce themselves
to the AYA patient
ahead of the screening
session.

“I know we’ve talked about how
there’s a lot going on for you right
now with the cancer stuff and at
home. In our team, we always make
time for you to meet with us so that
we can get the ‘big picture’ about
everything that’s going on for you.
This includes us figuring out what
things are really tricky/tough for
you right now, and what things are
going well. That way, you and I can
work out how we/the team can
best support you to get through this
experience the best way possible.
This is a conversation I have with all
our patients.”

‘Briefing’ the young
person on the process
ahead of time will
help them feel
appropriately informed
and empowered with
the knowledge of how
the process will unfold.

Involving family/
friends

“Because you live at home, and
because Mum/Dad are going to
be around a lot in supporting you
through treatment, you might
want to have one of them around
when we have this discussion. At
the same time, I know that there
are probably lots of parts of your
life that you don’t always talk
about with Mum/Dad, and so there
might be some things that you’d
prefer to keep private. We can also
talk about if there is someone else
important that you’d like to have
with you when we have this chat,
like your partner or best friend.
What do you think?”

Providing AYAs and
their families with
choices around who
is present for their
Screen/Assessment
shows respect for
the family system
supporting the AYA,
as well as providing
the AYA with a balance
of autonomy and
support.

When the Screening
process is first
described, the option of
having a family member
or support person (e.g.
close friend, partner)
present during the
initial screen may be
discussed with the AYA
patient.

Abbreviation: AYA, adolescent and young adult.

refer you to our oncology clinical psychologist now, so that they can help
you with your anxiety as well as all the new issues coming up from your
diagnosis? Let’s talk about what else could be helpful in supporting you
there.” Similarly, depending on the AYA patient’s disease, family history
and concerns regarding disease aetiology, they may also be a candidate
for genetic counselling. The importance of making this plan informed by
and accessible to AYAs is stressed.
Psychosocial Screening and Assessment in Adolescents and Young Adults with Cancer
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Assessment
Time and resources permitting, a more comprehensive assessment
should be undertaken to build on the initial screen. A useful tool is the
AYA Oncology Psychosocial Assessment Measure, which draws from the
well-respected HEADSS (Home environment, Education and employment, peer Activities, Drugs, Sexuality and Suicide/depression) assessment, with key adaptations for the AYA cancer population. Completing
the measure usually takes 1-2 hours of private discussion, either in one
sitting or across several appointments. Any member of the treating team
who has good rapport with the patient and is comfortable exploring psychosocial issues may administer the assessment; teams should consider
both logistical (e.g. time demands) and risk-based factors (e.g. complex
mental health history requiring psychology/psychiatry input) when planning this. Table 1 suggests ways that the patient could be socialised to
this process, particularly when there is not a ‘dedicated’ psychosocial
staff member available. The session should conclude with a brief summary of assessment outcomes and areas to be addressed in ongoing psychosocial care; the Care Plan should also be subsequently updated to
incorporate additional information from the assessment.

Benefits of Systematic Psychosocial Screening,
Assessment and Care Planning
Introducing standardised psychosocial screening, assessment and care
planning as part of regular AYA oncology care benefits both patients and
clinicians, most notably by normalising discussions of the impact of cancer and more difficult topics (e.g. mental health, sex, fertility). For clinicians, structured tools may serve as useful supports when working with
AYA patients, prompting them to consider and discuss all domains of the
young person’s life. For young people, it helps to engage them as active
participants in the care planning process. Using tools co-developed by
clinicians and young cancer patients, such as the AYA Oncology Psychosocial Care Manual, is useful as their contents resonate with AYA
patients and help to validate their thoughts and concerns. These tools
can also help structure multidisciplinary team discussions and enable the
young person’s perspective to be heard during clinical meetings.
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Systematic and holistic psychosocial assessment is essential in ensuring
that AYAs with cancer receive individualised supportive care, responsive to their changing needs. This approach to screening and assessment entails a thorough exploration of the cancer experience from the
AYA’s perspective, building resilience by identifying and reflecting on
personal strengths and protective factors. Good communication and
age-appropriate engagement with AYAs throughout their psychosocial
assessment and care trajectory will facilitate the timely identification of
issues, provision of appropriate support, effective illness management,
and ultimately empower AYAs to better engage with health education
and management.
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Overview
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n

Adolescent and young adult (AYA) cancer is a disease with distinct
epidemiological, clinical and biological characteristics
AYAs tend to consider themselves as invulnerable to any serious
disease and professionals may underestimate symptoms that should
be stimulating investigation
Even if most cancers in AYAs represent sporadic events, those
managing AYA cancers need expertise in family history evaluation to
identify hereditary cancer syndromes and to offer the optimal care
Individualised psychological support by personnel with specific
communication skills is essential both for the patient and their family
Multi-gene testing and a growing interest in genetic testing and
personalised medicine for AYAs allow clinicians to offer treatment
options according to genetic profile


AYA Cancer: A Unique Composition of Diseases
After half a century of focusing on cancer in children and older individuals, attention has turned to AYAs, in part because of a lack of progress in
this age group relative to younger and older patients. These cases represent about six per cent of all new cancer diagnoses. Excluding homicide,
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suicide and unintentional injury, cancer is the leading cause of death
among 15- to 39-year-olds.
An obvious difference between malignant diseases in AYAs and those
affecting children and older individuals is the distinct spectrum of cancer types that occur in AYAs and that there has been slower and limited
improvement in the management of cancer in this age group. This is
potentially due to the fact that the biology is different, compared with
cancers diagnosed in older patients. The Adolescent and Young Adult
Oncology Progress Review Group (AYAO PRG) recommended that we
have to improve our ‘understanding of host/patient biology of aging and
cancers’ and investigate a ‘potential biological basis of age-related differences in outcome’ for AYA cancers. AYAs with malignant diseases
have not enjoyed the same degree of survival prolongation and a plausible biological basis for this deficit is that nearly all therapies administered to AYAs are derived from studies that have been conducted in
children or older patients. Also, there has been a relative lack of clinical
trials and of translational research studied for patients in this age range.
If the biology of these cancers differs, then optimal treatment may also
need to be different.
As mentioned, there is unique composition of cancer types in AYAs,
with nearly 90% of all invasive cancers accounted for by: breast cancer,
lymphomas, melanoma, female genital tract tumours (ovary and uterine
cervix), thyroid carcinoma, sarcomas, testicular cancer, colorectal carcinoma, leukaemias and brain tumours. At no other time in life is this
spectrum similar and most of the specific cancers common in AYAs, such
as melanoma, testicular and others, are proportionately more common
than in other age groups. This pattern may indicate different biological
types such as small-cell carcinoma of the ovary, the most common ovarian malignancy in women under 40 years of age and recently linked to
SMARCA4 mutations.

Hereditary Syndromes and Genetic Risk
About 5%–10% of all cancers are hereditary, meaning they are caused
by germline mutations that predispose to cancer. This estimate has
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been extrapolated mainly from adults whose cancers were associated
with germline mutations. A study by Knapke et al reported that genetic
counselling should be considered for up to 29% of childhood cancer
survivors. These data also suggest that more than one in four AYAs
with a history of cancer may have a genetic cancer predisposing condition and could therefore potentially benefit from further evaluation and
management.
Identification of patients at risk for hereditary cancer syndromes may
provide opportunities to optimise care for the disease while dictating
surveillance of cancer survivors who may be at risk for second (or third)
primary malignancies. Identifying patients with hereditary cancer syndromes also benefits their family members, who may have an increased
risk for cancer and can then engage in cancer prevention strategies for
early detection.
Although family history of cancer is essential for the diagnosis of a
hereditary cancer syndrome, it is also worth noting that not all patients
with a genetic predisposition to cancer will have family history. Small
family size, relatives of young age, autosomal recessive inheritance,
variable penetrance and de novo mutations may mask a hereditary cancer
syndrome. In the Peds-MiOncoSeq study, some of the participants with
germline mutations in cancer predisposition genes had no suggestive
family history, emphasising the importance of looking beyond the family
history to recognise tumour types that suggest genetic risk.

Genetic Counselling: What to Include
The importance of comprehensive family history evaluation with threegeneration pedigree is emphasised by the fact that more than half of
patients who could benefit from genetic testing were identified on the
basis of a reported family history of cancer or other genetic conditions.
Family history factors for consideration include:
n
the number of individuals with cancer on each side of the family
n
family members who have passed away at young age for any other reason
n
the primary site of the cancer
The Unique Molecular Biology and Cancer Genetics in Adolescents and Young Adults
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n

n
n

reporting of benign diagnoses (e.g. polyps, lipomas) and/or facial or
body malformations
age at diagnosis
inheritance patterns (autosomal dominant or recessive)


Patient-specific factors to consider include:
n
whether the specific cancer itself is commonly associated with mutations in a cancer predisposition gene (e.g. retinoblastoma)
n
young age at diagnosis relative to that otherwise expected (e.g. paediatric colorectal cancer)
n
multiple primary tumours in the same individual
n
multifocal or bilateral tumours
n
alternative findings related to an underlying condition or a constellation of multiple rare findings (i.e. rare histology or cancer type).
Importantly, family histories are dynamic and new diagnoses of cancer
within the family over time may become relevant in assessing risk. This
is particularly significant in the AYA setting, where parents, aunts and
uncles may be quite young and may develop related cancers after the
diagnosis in a child.
Physical examination is another critical issue because many non-oncological physical findings should prompt referral for cancer predisposition evaluation. Examples include the classic lip pigmentation associated with Peutz–Jeghers syndrome; more than three café-au-lait macules
associated with neurofibromatosis type 1 and biallelic mismatch repair
deficiency; and multiple, characteristic lesions called trichilemmomas,
which typically develop on the face, and verrucous papules around the
mouth and on the ears, associated with Cowden syndrome.

Genetic Counselling: Communication Skills
The ethical, legal and social issues in genetic and genomic testing have
been subject to special scrutiny for several reasons. First, as reported by
Botkin et al, for some heritable conditions, genetic testing can provide
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powerfully predictive information about the individual’s future health
status. Professionals (and society more broadly) have been concerned
about the impact of such information on the psychological wellbeing
of those found to be at increased risk, as well as concerns about stigma
and discrimination. Second, genetic information about one individual
provides presumptive information about other blood relatives. The family or kindred nature of genetic information poses ethical, legal and
social challenges for the appropriate management of that information in
clinical and research contexts. Third, genetic and genomic information
is complex, and health risks associated with this information are often
probabilistic. This means that special care and expertise are important
in ordering and interpreting many genetic tests. Finally, genetics has a
troubled history, evident during the first half of the twentieth century,
when genetic concepts were misunderstood and misused to the detriment
of vulnerable groups in society.
Genetic testing and management have several specific psychosocial,
ethical and legal implications for AYAs and their families. These include
concerns about AYAs’ ability to understand complex genetic concepts
and anticipate the often lifelong consequences of their decisions to enable
fully informed consent. Further issues regarding the patient’s age include
how best to involve the AYA to their full capacity, while respecting that
parents may need to have input into the consent and shared decisionmaking processes. As AYAs’ maturity levels vary widely, some individuals make their own decisions, while others, even though legally able, rely
more on their parents, so psychological support is needed.
Another issue is ‘adolescent-friendly care,’ which involves, among other
things, communicating in an age-appropriate language and respecting
the adolescent’s autonomy and capacity to engage in discussions about
their health. This may be fostered through a close working partnership
with genetic health professionals and experts in adolescent psychology.
An ‘anticipated regret’ model, in which health professionals present
hypothetical results to the adolescent and ask how they would react to
receiving that result, is useful to assist adolescents to understand the
potential consequences of genetic testing.
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AYA Cancers Require Specific Genetic Tests
Several articles provide clear recommendations for the appropriate management of adolescents considering genetic testing. One key recommendation is to limit analysis to clinically actionable genes based on the
adolescent’s cancer diagnosis instead of analysing multiple genes (gene
panel testing). This is due to the challenges reported with incidental findings and uncertainties around the clinical significance of mutations in
several genes included in many commercially available gene panels.
The impact of reporting incidental findings in the setting of adolescents
undergoing genetic testing for cancer needs to be further explored. The
transition from targeted genetic testing to genome-scale sequencing has
led to a vigorous debate about the ethics of managing massive amounts
of individual-level genetic data.
Sequencing a patient’s exome or whole genome dramatically increases
the probability of incidental or secondary findings. The term ‘secondary
findings’ has been introduced to describe clinically relevant information
unrelated to the condition for which the sequencing was originally prescribed. Secondary findings may have a clinical utility for a child or his
or her family members now or in the future. Parents should have a clear
understanding of when secondary findings may be generated and of the
circumstances, if any, under which they can expect to be offered results.

Molecular Testing is Necessary to Enable AYAs to
Explore More Treatment Options
Molecular testing is helpful for an individualised therapeutic approach to
adolescents with cancer. First, for AYAs who do not respond favourably to
standard cancer treatments, detection of a germline or somatic mutation
may offer clinicians the option to tailor treatment based on the patient’s
genetic profile. Personalised medicine is also becoming more common
in this age group, even at diagnosis. For example, an AYA patient with
a pathogenic adenomatous polyposis coli variant (which causes familial
adenomatous polyposis [FAP]) can follow a defined management plan,
such as colectomy with ileorectal anastomosis (IRA) followed by endoscopic evaluation of the rectum every 6–12 months depending on polyp
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burden, which would significantly improve survival and quality of life.
Second, genetic testing in AYAs may also be important during follow-up
care of childhood cancer survivors, depending on their family history,
medical history and tumour type. Genetic information may be important
for the optimal management of primary cancer in order to avoid adverse
events in the future (e.g. avoidance of radiotherapy in tumour protein 53
(TP53) germline-mutation carriers. Finally, at-risk AYAs who have not
had cancer could benefit from predictive testing to clarify their risk and
allow recommendation of a tailored surveillance plan.
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The incidence of acute lymphoblastic leukaemia (ALL) peaks at
3 years of age (~10 in 100 000 individuals), but drops to one tenth
during adolescence (~1 in 100 000)
Measurable residual disease (MRD) after the first course of therapy
is a powerful prognostic factor in both ALL and acute myeloid
leukaemia (AML)
Stratified treatment primarily guided by karyotype and MRD has
led to survival rates above 90% for ALL and 70% for AML
Risk of death from toxicity is as high as death from treatment in
childhood ALL
Risk of serious toxicities in adolescents is higher than in younger
children and similar to that of young adults


Leukaemias are a group of malignant diseases of the bone marrow arising from haemopoietic lineages, primarily lymphoid or myeloid. They
may be acute (aggressive) or chronic (slower paced) at presentation. In
the adolescent and young adult (AYA) age group, ALL accounts for 41%

53

of all leukaemias, AML for 38%, and chronic myeloid leukaemia (CML)
for 14% (source: AYA Cancer Clinical Study Group, UK National Cancer Research Institute). Chronic lymphocytic leukaemia is very rare
before the age of 30.
Compared with younger children, the inferior cure rates for AYA patients
with leukaemia reflect the tumour biology, body composition and ethnicity influencing drug pharmacokinetics and risk of toxicities, presence
of comorbidities and co-medication, adherence to oral therapy, treatment strategies of paediatric versus haematology departments and, not
least, accrual rates for clinical trials. Importantly, AYA patients also have
unique psychosocial and educational needs that may further impact on
the effective delivery of therapy and the patient’s experience of care.
While there has been a significant improvement in survival in ALL and
CML in AYA patients over recent years, this has not been the case for
AML.

Acute Lymphoblastic Leukaemia
Incidence
The incidence of ALL peaks at 3 years of age, with an incidence of ~10
in 100 000 individuals, which drops to one tenth (~1 in 100 000) during
adolescence.
Biological features
Compared with children, AYA patients present with more aggressive
clinical and biological characteristics including a higher presenting white
blood cell (WBC) count, higher proportion of T cell than B-cell precursor (BCP) disease and more frequent involvement of the central nervous
system (CNS). The frequency of good risk cytogenetics, such as high
hyperdiploidy and t(12;21)/ETV6-RUNX1 translocation, decreases with
increasing age, the t(1;19)/E2A-PBX fusion frequency stays relatively
stable (~5% or less), while the frequency of unfavourable cytogenetics,
including Philadelphia chromosome, MLL (mixed lineage leukaemia)
rearrangements, hypodiploidy and intrachromosomal amplification of
chromosome 21 increases. Around two thirds of AYA BCP-ALL patients
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do not harbour these aberrations and are called ‘B-other’. More recently,
new molecular aberrations with prognostic significance (Philadelphia
chromosome-like with ABL-class fusion, kinase activating abnormalities such as JAK2 mutations, CRLF2 activation, IKZF1 deletions and
ERG and IgH rearrangements) have been identified in the B-other group,
and some have proven useful for treatment stratification (e.g. IKZF1
deletions) or targeted therapy with novel agents. The incidence of poor
prognostic molecular aberrations, such as Philadelphia chromosome-like
subgroup, are found more frequently in the AYA subgroup compared
with children and likely contribute to the poorer outcome observed.
Treatment
Over the last 4 decades there has been a dramatic improvement in the
outcome of paediatric ALL with 5-year overall survival (OS) rates
around 90%. However, outcomes for AYA patients have been considerably poorer. Historically, young people with ALL have been treated on
either a paediatric or an adult protocol based purely on whether they
were referred to a paediatric or adult haematologist. In the mid-2000s a
number of international study groups compared the impact of paediatric or adult trial protocols on the outcome of adolescents who had been
eligible for either, due to overlapping trial age criteria. All groups demonstrated 10%-25% superiority in event-free survival (EFS) and OS in
those treated with the paediatric protocol. The specific elements of these
regimens responsible for the improved survival are difficult to determine due to their complexity and duration of the protocols. However,
when compared with adult protocols, paediatric regimens are associated
with a higher exposure to intrathecal chemotherapy, an increased use of
immunosuppressing drugs such as vincristine, asparaginase and dexamethasone, a lower use of myelotoxic agents such as anthracyclines and
a lower frequency of allogeneic haematopoietic stem cell transplantation
(HSCT).
In response to these observations, different ALL consortia around the
world have either increased the upper age limit of their paediatric trials or applied paediatric treatment for their adult protocols (paediatricinspired adult regimens). Using these approaches, the intensity of the
Leukaemias in Adolescents and Young Adults
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first-line therapy given is determined by the patient’s risk of relapse. This
is judged by both prognostic factors present at diagnosis and response to
therapy determined by sensitive MRD monitoring using flow cytometry
or polymerase chain reaction (PCR) at the end of induction, and in some
groups also at a second time point (often at the end of consolidation therapy). There is no international consensus on indications for HSCT, but
most groups will transplant patients with MRD >10-3-10-4 after 3 months
of chemotherapy (end of consolidation), and many will also transplant
patients with ≥5% leukaemic blasts in the bone marrow at the end of
induction therapy and those harbouring AF4/KMT2A translocation or a
low hypodiploid clone (<34 chromosomes). However, even when using
identical risk group stratification criteria, more AYAs than children will
be stratified to higher-risk therapy, including HSCT, not least due to a
poorer early response to chemotherapy.
With the wider use of paediatric or paediatric-inspired protocols, EFS in
AYA patients with ALL is now around 70%-80%. While this is a substantial improvement compared with historical data, there is still considerable room for improvement in preventing relapse and reducing toxicity.
The frequency of relapse is higher in the AYA group compared with
younger children (Figure 1) and the majority of these relapses are unsalvageable. In 16-24-year-olds treated on the UK protocol, the relapse rate
at 8 years was 22%, and OS following relapse was 20%, falling to only
9% if the relapse occurred while the patient was on active treatment.
Current research strategies to prevent refractory relapse for both young
children and AYAs are being explored, including using improved methods of identifying those destined to relapse and the use of novel targeted
therapies in up-front treatment. Potential therapeutic targets include
molecular targets (e.g. tyrosine kinase inhibitors [TKIs] for ABL-class
fusions) and immunological strategies (inotuzumab, blinatumomab and
chimeric antigen receptor [CAR] T cells).
The frequency of induction death, death in remission and other serious adverse events is higher in AYA patients compared with children
under the age of 10 (Figure 2). The mechanisms for this increased risk
are unclear and it is notable that age is not a dominant risk factor for
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Figure 1 Event-free survival and relapse rate in adolescents and young adults:
UKALL 2003.
From: Hough R, Rowntree C, Goulden N, et al. Efficacy and toxicity of a paediatric protocol in teenagers and
young adults with Philadelphia chromosome negative acute lymphoblastic leukaemia: results from UKALL
2003. Br J Haematol 2016; 172:439–451.

Abbreviations: Exp, expected; Obs, observed.

Figure 2 Time to first serious adverse event: UKALL 2003.
From: Hough R, Rowntree C, Goulden N, et al. Efficacy and toxicity of a paediatric protocol in teenagers and
young adults with Philadelphia chromosome negative acute lymphoblastic leukaemia: results from UKALL
2003. Br J Haematol 2016; 172:439–451.

Abbreviations: Exp, expected; Obs, observed.

all toxicities associated with ALL chemotherapy. Young children and
adolescents do not seem to differ in the pharmacokinetics of vincristine,
glucocorticosteroids and asparaginase, but adolescents tend to have
Leukaemias in Adolescents and Young Adults
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faster clearance of high-dose methotrexate and asparaginase. In the
NOPHO ALL2008 study that included patients from 1 to 45 years of age,
the intervals between treatment phases were almost identical across children, adolescents and adults. However, AYA patients had a significantly
higher risk of osteonecrosis, pancreatitis and thromboembolism. In addition, adolescents also experience asparaginase-induced transaminitis
more frequently. Reduction in the toxicity associated with ALL therapy
in AYA patients in the future will require gaining a deeper understanding of the risk factors and mechanisms of individual toxicities, a work
already in progress by the International Ponte di Legno ALL Toxicity
Working Group. The challenge for future clinical trials will be how to
reduce relapse while at the same time reducing toxicity.

Acute Myeloid Leukaemia
Incidence
The incidence of AML increases with age and is around 8.5 per million
in the AYA age group. The inversion of incidence of ALL compared with
AML occurs in late adolescence, and the proportion of acute promyelocytic leukaemia (APL) within the AML subtypes is highest in this age
group (Table 1). AML most commonly arises as a de novo disease in
AYA patients but may infrequently be a consequence of prior exposure
to intensive chemotherapy or radiotherapy, or represent progression of
pre-existing myelodysplasia.
Biological Features
In AML, cytogenetic analysis is important in defining subtypes of leukaemia as well as determining risk of relapse and, therefore, appropriate
treatment intensity.
APL is associated with an aggressive presentation, including severe
coagulopathy and risk of immediate death requiring emergency blood
product support and initiation of all-trans-retinoic acid. Access to rapid
diagnosis of t(15;17)/PML-RARA (e.g. by fluorescent in situ hybridisation), the hallmark of APL, is therefore an essential component of immediate diagnosis and management.
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There are a number of well-described cytogenetic abnormalities associated with AML that predict the likelihood of achieving durable complete remission (Table 1). In general, with increasing age, the frequency
of favourable cytogenetic abnormalities decreases, while unfavourable
abnormalities increase. Interestingly, adolescents have been shown to
have a higher frequency of the unfavourable FLT3/ITD (internal tandem
duplication) mutations, but also the favourable CEBPA and NPM1 mutations when compared with younger children.
Table 1 Frequency of Common Cytogenetic Abnormalities in Acute Myeloid Leukaemia
According to Age.
Adapted from: Creutzig U, Kutny MA, Barr R, et al. Acute myelogenous leukemia in adolescents and young
adults. Pediatr Blood Cancer 2018; 65:e27089.

Karyotype

Normal

% patients with specific karyotype according to age band
0 to <2
years
(n=271)

2 to <12
years
(n=477)

12 to <18
years
(n=444)

18 to <40
years
(n=417)

40 to <60
years
(n=1099)

13.7

20.2

27.3

44.9

52.4

t(15;17)/PML-RARA

1.9

5.9

11.7

12.4

8.1

t(8;21)/RUNX1-RUNX1T1

0.4

17.2

13.3

7.8

4.3

Inv(16)/CBFB-MYH11

6.3

10.0

8.8

5.5

4.4

t(9;11)/MLL-MLLT3

19.6

8.3

4.5

2.6

1.2

Complex

13.7

7.0

4.3

2.3

7.8

Monosomy 7

0.4

1.9

1.1

0.9

1.2

t(6;9)

0

0

0.5

1.4

0.3

Treatment
The treatment of AML, excluding APL, in AYA patients is similar to
that of paediatric and adult patients with intensive induction courses
containing anthracyclines and cytarabine to achieve remission, followed
by several post-remission courses of chemotherapy, usually containing
cytarabine. CNS chemoprophylaxis is given alongside these chemotherapy courses. Allogeneic HSCT may be used as consolidation for
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higher risk patients, although the indications for transplant vary between
countries. Importantly, the International Bone Marrow Transplant Registry (IBMTR) has shown that although outcomes of HSCT for AML
have improved over time, transplant-related mortality in AYA patients
remains twice that observed in children. With current protocols, OS of
AML in AYAs is 50%-60% at 5 years, which is around 10% lower than
that achieved for children.
Given the superiority of paediatric protocols in AYA ALL, investigators from Germany, the Nordic countries and the USA compared the
outcomes of AYA patients treated on either paediatric or adult protocols. The German and Nordic groups showed no difference between
the age-related treatment strategies. In contrast, the USA comparison
of 281 AYA patients aged 16-21 years showed a 45% 10-year OS rate
in those treated on the paediatric Children’s Cancer Group (CCG) and
Children’s Oncology Group (COG) studies, compared with 34% in the
AYAs treated on the adult Cancer and Leukemia Group B (CALGB)
and Southwest Oncology Group (SWOG) studies (p = 0.03). However,
age was a significant confounding factor in this analysis. Importantly,
although the higher treatment intensity of paediatric protocols was associated with significantly reduced relapse rates, this benefit was offset by
higher transplant-related mortality in the AYA group.
Thus, although the biology of AYA AML is probably closer to that of
children than of adults, the outcomes remain consistently inferior to
those seen in children with a higher risk of treatment-related mortality and no clear evidence that paediatric protocols will provide similar
outcome gains as those achieved in ALL, since increased dose intensity will likely be associated with increased treatment-related mortality.
It is likely that future treatment advances in AML will depend on the
development of biology-based strategies, which incorporate novel agents
alongside upfront chemotherapy. Such studies, for example using gemtuzumab ozogamicin, vosaroxin and midostaurin, or other FLT3 inhibitors, are already ongoing. A list of current clinical trials in AML can be
found at https://aml-hub.com (date last accessed, 7 August 2022) and
http://www.clinicaltrials.gov.
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Chronic Myeloid Leukaemia
Incidence
CML is uncommon in the AYA population, accounting for around 10%
of all CML patients.
Biological features
CML is associated with a reciprocal translocation between chromosomes 22 and 9 (the Philadelphia chromosome). The resulting BCRABL fusion gene produces a constitutively active tyrosine kinase, which
drives unregulated cell division. AYA patients may present with a more
aggressive disease biology than older adults with an increased frequency
of splenomegaly and higher WBC count.
Treatment
The introduction of TKIs in the treatment of CML has revolutionised the
outcomes of patients with CML compared with historical therapy, where
interferon and allogeneic HSCT were the mainstay, such that survival
is now approaching that of the age-matched general population. This
improvement in survival has also been confirmed in AYA patients with
CML within the Surveillance, Epidemiology, and End Results (SEER)
dataset. Although AYA patients seem to have poorer response rates with
TKIs compared with adults, no differences in transformation-free survival
and OS rates have been observed. Current OS rates at 5 years are 93%97% in the AYA group. The role of HSCT has therefore become restricted
to patients with intolerance of, or resistance to, multiple TKIs or to the rare
patients with advanced-phase disease at presentation. The psychological
and somatic impact of long-term illness and the requirement for ongoing
medication for AYA patients with CML can be significant and includes
risk for cardiac toxicity, bone toxicity and hypothyroidism. Even lowgrade toxicities such as fatigue and nausea can impact treatment adherence
and, therefore, cure rates. As yet, it is unclear whether TKIs may be safely
discontinued in selected patients with a long-lasting molecular remission.
If demonstrated to be safe within clinical trials, this approach would be of
particular benefit to AYA patients due to their otherwise extensive exposure to TKIs, especially as long-term data regarding potential risks of these
Leukaemias in Adolescents and Young Adults
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agents is becoming apparent (e.g. the cardiovascular risks of second-line
TKIs).

Late Effects
Although the vast majority of adolescents now have favourable chances
of cure, healthcare problems may persist as patients are burdened by
chronic pain (after pancreatitis or osteonecrosis), diabetes (after pancreatitis), obesity and hypertension (associated with glucocorticosteroids),
immune dysfunction (after HSCT), neurological and cognitive disturbances (after cranial or whole body irradiation, intrathecal therapy or
cerebral thrombosis), and an increased risk of second cancer. Unless total
body irradiation or high-dose alkylating agents have been administered,
fertility is generally preserved or can be facilitated through cryopreservation of semen or an ovary. Late effects can markedly affect the likelihood
of full rehabilitation after therapy. Depending on the extent, late effects
limit the access to education, insurance and independent living; this will
markedly influence quality of life and establishment of partnerships.

Conclusions
The challenge of improving survival further in the acute leukaemias is in
reducing the risk of relapse while at the same time reducing the risk of toxicity. Simply increasing the intensity of chemotherapy (including broader
access to allogeneic HSCT) in an attempt to improve outcomes by reducing relapse is likely to be counterbalanced by an increase in treatmentrelated mortality. However, the immediate future presents exciting prospects as we now have novel therapeutic agents available which are targeted
to immunological, mechanistic and molecular targets, all of which have
a toxicity profile that differs markedly from conventional chemotherapy.
Use of these agents alongside conventional chemotherapy may potentially
reduce both relapse rates and toxicity risks. On the other hand, the longterm toxicities with novel treatment options (e.g. TKIs and CAR T cells)
remain uncertain, including their association with the AYA age range.
Finally, the psychosocial challenges of developing and being treated for
leukaemia in the AYA population and the need for improved recruitment to
clinical trials are of utmost importance (see Chapters 20 and 21).
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Lymphomas rank among the most frequent malignancies in
adolescents and young adults (AYAs)
Most non-Hodgkin lymphomas (NHLs) are high-grade lymphomas
requiring urgent medical intervention
Centralised histological review should be the rule for NHL
Current treatments are highly efficient, leading to survival rates of
>90% for Hodgkin lymphoma (HL) and 75% for NHL in patients
aged 15-19
The choice of the best therapeutic strategy in each subgroup of
patients should be based not only on efficacy but also on the risk
of acute and long-term toxicity
Offering patients the opportunity to be included in clinical trials
available for this age group is of major importance
Standard of care should include fertility preservation before
treatment and long-term follow-up


Lymphomas rank among the most frequent malignancies in AYAs,
accounting for 25% of all tumours in this age group. Multiple successful
clinical trials have led to efficient management of these malignancies, with
survival exceeding 90% in HL and 75% in NHL in patients aged 15-19
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at diagnosis. However, there is a certain degree of heterogeneity of treatment for each sub-group according to age and the location of care, as the
therapeutic strategies for children/adolescents and adults were developed
independently of one another. Prospective comparisons of paediatric and
adult treatment strategies, in terms of efficacy and treatment-related acute
and long-term toxicity, have not yet been carried out in detail. In order to
allow further progress, all patients should be offered the opportunity to be
included in trials. In addition, these patients should be treated in centres
offering a multi-professional approach and should benefit from fertility
counselling, adapted psychosocial support and long-term follow-up allowing for the detection and prevention of late morbidity of treatment.

Epidemiology
HL is a typical AYA malignancy with a median age at diagnosis of 39
years, whereas only 5.3% of all NHLs are diagnosed before the age of
35. Most NHLs in AYAs are high-grade lymphoma with four major subtypes: Burkitt lymphoma (BL), diffuse large B-cell lymphoma (DLBCL),
lymphoblastic lymphoma (LBL) and anaplastic lymphoma kinase (ALK)positive (ALK+) anaplastic large cell lymphoma (ALCL). Given the
multiple subtypes diagnosed in these patients, centralised histological
review has been proven to have a major impact on lymphoma diagnosis
and should be required for all lymphomas in AYAs.

Hodgkin Lymphoma
Clinical Presentation and Initial Staging
In most patients with HL, the initial symptoms are lymph node swelling
and/or B symptoms. A mediastinal mass is present in >50% of cases but
is usually not compressive. Initial staging is mostly based on a baseline
fluorodeoxyglucose-positron emission tomography-computed tomography
(FDG-PET-CT). Bone marrow biopsy is no longer mandatory since FDGPET-CT is very sensitive in detecting bone marrow involvement. Initial
extension is classified according to the revised Ann Arbor staging system
(Table 1). Both adult and paediatric protocols distinguish three prognostic
groups, but the risk stratification criteria are slightly different (Table 2).
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Table 1 St. Jude and Revised Ann Arbor Staging System. Age-adjusted International
Prognostic Index (aaIPI).
Stage

St. Jude (Murphy) staging system

Revised Ann Arbor staging system

I

A single extranodal tumour or a single
anatomic nodal area with the exclusion of
mediastinum and abdomen

Involvement of a single lymph node
or a group of adjacent nodes or a
single extranodal lesion without nodal
involvement

A single extranodal tumour with regional node
involvement ≥2 nodal areas or extranodal
tumours on the same side of the diaphragm
Completely resected primary gastrointestinal
tract tumour with or without involvement of
associated mesenteric nodes

Involvement of two or more lymph
node regions on the same side of the
diaphragm with limited contiguous
extranodal involvement

II

II bulky

II with bulky disease

III

≥2 nodal or extranodal tumours on opposite
sides of the diaphragm
All primary intrathoracic tumour (mediastinal,
pleural, thymic)
All extensive primary intra-abdominal disease
Any paraspinal or epidural tumour, regardless
of other tumour site(s)

Involvement of lymph regions on both
sides of the diaphragm
Nodes above the diaphragm with
spleen involvement

IV

Bone marrow and/or CNS involvement

Additional non-contiguous
extralymphatic involvement

Age-adjusted International Prognostic Index (aaIPI) for patients ≤60
Risk category

Number of risk factors

Prognostic factors

Low

0

Low intermediate

1

• ECOG performance status ≥2
• Lactate dehydrogenase > normal
• Ann Arbor stage III or IV

High intermediate 2
High

3

Abbreviations: CNS, central nervous system; ECOG, Eastern Cooperative Oncology Group.
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Table 2 Risk Stratification for Hodgkin Lymphoma.
Paediatric

Adult (LYSA/EORTC)

Low risk: early
stage favourable

Stage I and IIA
ESR <30
No bulky mass >200 ml

I and IIA without risk factors*

Intermediate risk

I and IIA with ESR >30 or bulky mass
IIB with no extension
IIIA

I and II with ≥1 risk factor

High risk

IIB with extension
IIIB
IV

III and IV

*Risk factors: A) large mediastinal mass, B) age >50 years, C) elevated ESR, D) >4 nodal sites.
Abbreviations: EORTC, European Organisation for Research and Treatment of Cancer; ESR, erythrocyte sedimentation rate;
LYSA, Lymphoma Study Association.

Treatment
Therapy combining chemotherapy and radiotherapy is curative in most
patients. However, due to the high risk of long-term side effects of firstgeneration protocols, new approaches have been developed – aiming to
reduce the indication of both radiotherapy and drugs associated with
long-term side effects.
The European Society for Medical Oncology (ESMO) guidelines for the
treatment of HL in adults recommend two to four cycles of ABVD (doxorubicin, bleomycin, vinblastine and dacarbazine) followed by involvedsite radiotherapy (20 Gy) for limited stages. Since data available demonstrate an excess of relapses in patients treated with chemotherapy alone,
even in patients with a negative early PET, radiotherapy of involved sites
is recommended in all patients. Several groups have tested an approach
based on early response after two ABVD courses. Patients with a negative interim PET can receive two more courses of ABVD followed by
30 Gy radiotherapy, whereas PET-positive patients receive the more
intensive BEACOPPescalated regimen (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine and prednisone in
escalated dose) and 20 Gy.
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In the intermediate-risk group, the standard of care is four cycles of
ABVD followed by 30 Gy. Two cycles of BEACOPPescalated followed
by two cycles of ABVD and 30 Gy radiotherapy can be proposed to
young patients who are eligible for a more intensive treatment. A PETguided approach after two courses of ABVD can also be proposed:
patients with a negative interim PET receive more courses of ABVD
and 20 Gy, and patients with a positive PET, two courses of BEACOPPescalated and 30 Gy.
Advanced-stage HL is usually treated with chemotherapy alone. Radiotherapy is limited to residual lesions >2.5 cm still metabolically active.
Patients ≤60 years are treated with either six to eight cycles of ABVD or
six cycles of BEACOPPescalated. Several trials suggest that a strategy
based on PET response may be more appropriate. In patients treated with
ABVD, patients with a positive interim PET after two courses can switch
to four courses of BEACOPPescalated, whereas patients with negative
interim PET should receive four courses of AVD (doxorubicin, vinblastine and dacarbazine) without bleomycin. In patients treated with BEACOPPescalated, PET-negative patients can safely receive only two more
cycles, instead of four in PET-positive patients.
Finally, the anti-CD30 antibody-drug conjugate brentuximab vedotin has
recently shown interesting results in advanced stage, improving eventfree survival (EFS) and avoiding bleomycin-related pulmonary toxicity.
Different protocols aiming to reduce cumulative doses of drugs associated with long-term sides effects such as anthracyclines, bleomycin
and alkylating agents have been developed for children and adolescents.
In Europe, the first trial of the European Hodgkin Lymphoma Pediatric
Group (EuroNet HD) has demonstrated through a large trial that survival rates over 98% could be obtained with a regimen including two
courses of OEPA (vincristine, etoposide, doxorubicin and prednisone),
followed by two to four courses of COPDAC (cyclophosphamide, vincristine, prednisone and dacarbazine) for intermediate- and high-risk
groups, with radiotherapy limited to patients with no complete metabolic response after the first two courses. In North America, the ABVEPC (doxorubicin, bleomycin, vincristine, etoposide, prednisone and
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cyclophosphamide) combination with limited indication of radiotherapy
based on early response has also demonstrated its efficacy.
In patients with relapsed or refractory disease, the approach is the same
in children and adults and combines a second line of chemotherapy and
consolidation with high-dose chemotherapy by BEAM (carmustine,
etoposide, cytarabine and melphalan) and autologous stem cell transplantation (ASCT). Several new agents have emerged in the past few years:
brentuximab vedotin, which has been shown to be associated with a high
response rate and a reduction in the risk of second relapse when used as a
maintenance after high-dose therapy, and programmed cell death protein
1 (PD-1) inhibitors, which have been shown to induce long-lasting remission rates in a large proportion of patients with relapsed and refractory HL.
Several trials are ongoing in order to better assess the role of these drugs
in the treatment of relapsed or high-risk newly diagnosed HL. The availability of these new drugs may induce profound changes in the treatment
of HL within a few years.
Long-term Toxicity
Patients of this age group are at high risk of long-term morbidity including second malignancies, in particular breast cancer (with a cumulative
risk at 30 years reaching 24% in females <35 years of age at diagnosis of HL), cardiotoxicity including coronary heart disease, stroke after
cervical or mediastinal irradiation and congestive heart failure, fertility
impairment, pulmonary fibrosis and hypothyroidism. This high risk of
long-term morbidity requires survivorship programmes including fertility counselling before and after treatment, recommendations about
lifestyle to reduce risk factors for cardiotoxicity, and long-term survivor
follow-up to enable early diagnosis of these complications.

Non-Hodgkin Lymphoma
Clinical Characteristics and Initial Staging
Clinical presentation varies according to the site of the disease and the
histological subtype: a rapidly progressive intra-abdominal mass often
associated with ascites or with ear, nose and throat (ENT) involvement in
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BL, mediastinal mass with pleural effusion in primary mediastinal B-cell
lymphoma (PMBCL) and T-lymphoblastic lymphoma (T-LBL) and
lymph node swelling in DLBCL, B-lymphoblastic lymphoma (B-LBL)
and systemic ALCL. Extranodal spread is frequent in both B-LBL and
ALCL. Bone marrow involvement is detected in 20%-25% of patients with
BL, 15%-20% of patients with LBL, and <15% of patients with DLBCL and
ALCL. Central nervous system (CNS) involvement is rare (<5%) in LBL as
well as ALCL.
Recommendations for initial staging procedures differ between protocols designed for children and adults. In adults, following the Lugano
classification, PET-CT is now incorporated into standard staging for
FDG-avid lymphomas, and a bone marrow biopsy is no longer indicated
for most DLBCLs; whereas in children and adolescents, PET-CT is not
mandatory for initial staging of patients treated in paediatric protocols,
but bone marrow aspirations and/or biopsies as well as cerebrospinal
fluid (CSF) examination are included in the initial evaluation.
Paediatric and adolescent lymphomas are classified according to the
revised International Pediatric NHL Staging System (IPNHLSS),
whereas in adults, treatment is stratified according to the revised Ann
Arbor classification and the International Prognostic Index (IPI) (Table
1), except for BL, where initial staging and prognostic evaluation are
derived from paediatric studies.
Due to rapidly progressive disease, these patients require urgent medical
intervention. Initial staging and treatment initiation has to be performed
within a few days. Prevention of tumour lysis syndrome is of major
importance, especially in BL and LBL.

Mature B-Cell Lymphomas
Pathology and Biology
Mature B-cell NHLs (B-NHLs) account for >50% of the NHLs occurring
in AYAs, with three main subtypes: DLBCL, the most common NHL subtype in patients over 15 years of age, BL and PMBCL. BL and DLBCL
are classified as distinct entities, but despite the presence of a specific
translocation joining the MYC locus to the immunoglobulin locus in BL,
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there is a certain degree of overlap between BL and DLBCL, especially
in young patients.
Compared with DLBCL in older adults, DLBCLs in AYAs are characterised by a high frequency of features associated with a favourable prognosis, such as the germinal centre phenotype and some features common with BL, such as high proliferation rates, high incidence of MYC
translocation, MYC overexpression, low BCL2 expression, and virtually
no t(14;18) involving the BCL2 gene. The incidence of biological features associated with a high risk of failure such as the activated B-cell
subtype, double-hit translocations or genetic complexity is low in AYAs
and increases with age with no clear cut-off between children, AYAs and
older adults.
PMBCL is a molecularly distinct subtype of DLBCL, deriving from thymic
transformed B cells. Gene expression profiling suggests an overlap between
PMBCL and HL with recurrent genomic gains of 9q24 and involvement of
the JAK/STAT pathway in the pathogenesis of these entities.
Therapeutic Strategy
BL and DLBCL are treated with the same strategy in most paediatric
trials but not in adult trials, where the standard treatment for DLBCL
is R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine and
prednisone), whereas BL patients are given more intensive paediatricderived chemotherapy regimens.
Most current paediatric protocols derive from treatment strategies developed by the French (Lymphomes Malins B [LMB]) or the German
(Berlin-Frankfurt-Münster [BFM]) groups, with a chemotherapy regimen stratified according to stage, initial resection, lactate dehydrogenase
(LDH) level and early response to chemotherapy, including high-dose
methotrexate (1-8 g/m2), cyclophosphamide, vincristine, doxorubicin,
cytarabine and repeated intrathecal injections. With this type of regimen,
5-year survival rates are >95% in all risk groups except in PMBCL, with
no significant difference between BL and DLBCL, nor between children
versus adolescents when adjusted for risk factors. In the LMB strategy,
rituximab is given only to high-risk patients (CNS involvement, >25%
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blasts in bone marrow, high LDH, poor response to initial COP [cyclophosphamide, vincristine and prednisone] course), whereas the BFM
group is currently testing a strategy including rituximab in all groups
associated with a slight decrease of treatment intensity in standard-risk
groups. While the incidence of acute toxicity associated with these protocols is quite high, requiring adequate supportive care and experienced
centres, most patients will have no long-term side effects since cumulative doses of alkylating agents and doxorubicin are low.
In adults with BL treated with high-intensity chemotherapy regimens
similar to those used in children and adolescents associated with rituximab,
overall survival (OS) rates are now >70%. DLBCL treatment with R-CHOP
is yielding cure rates of 80%-90% in patients with localised disease and 50%70% in young patients (<60 years old) with advanced stage DLBCL. In order
to improve therapeutic results, several approaches such as intensified chemotherapy, consolidative ASCT, radiotherapy, incorporation of new agents in
combination with chemotherapy or in maintenance, and adaptation of treatment to early metabolic response are being evaluated in high-risk patients.
However, at the time of writing, no strategy has proven its superiority over
R-CHOP. Population-based analysis as well as data from adult trials indicate that age <30 years is associated with high survival rates, comparable
with those observed in children and adolescents treated with more intensive
chemotherapy.
In PMBCL, the combination of rituximab with chemotherapy is now
recognised as a standard in children/adolescents and adults. The excellent results obtained with protocols based on dose-adjusted etoposide,
prednisone, vincristine, cyclophosphamide and doxorubicin in combination with rituximab designed for adults, such as DA-R-EPOCH with
3-year progression-free survival (PFS) >85.9%, were not confirmed in
the paediatric INTER-B-RITUX trial, leading to the testing of alternative
strategies.
Treatment of Relapses
Prognosis of relapses occurring in BL treated after front-line treatment
with current chemotherapeutic protocols is poor. Most patients do not
achieve a second remission and therefore are not eligible for high-dose
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chemotherapy and haematopoietic stem cell transplant. Several new
agents including anti-CD20 antibodies, ibrutinib or immunotherapy are
currently under investigation.

Lymphoblastic Lymphoma
LBLs, a NHL subtype derived either from precursor thymic T cells
(80%) or B-precursor cells (15%-20%), share common morphological,
immunophenotypical and clinical characteristics with acute lymphoblastic
leukaemia (ALL), but some specific events are unique to LBL and absent
in ALL. LBL is arbitrarily distinguished from ALL by the presence of
<25% of blasts in bone marrow.
Paediatric strategy for LBLs derives from ALL therapies with semi-continuous, intensive, multi-drug chemotherapy including a corticosteroid
pre-phase, induction including asparaginase, consolidation and re-induction followed by maintenance with oral 6-mercaptopurine-methotrexate
for a total duration of 2 years. CNS prophylaxis is based on high-dose
methotrexate and intrathecal injections. With this approach, EFS rates of
75%-85% have been achieved in most paediatric clinical trials.
Following the reporting of improved survival of adults with ALL treated
with paediatric-inspired protocols, several groups adopted paediatricinspired ALL protocols for T-LL in adults and have reported 5-year disease-free survival (DFS) rates of >60%.
Several biological factors, such as the absence of NOTCH and/or FBXW7
mutations or the detection of minimal disseminated disease in blood at
diagnosis, have been reported as being associated with a higher risk of
failure.
Treatment of relapses includes an intensive re-induction chemotherapy
based on ALL-relapse treatment followed by allogeneic stem cell transplantation. Therapeutic results are poor with survival rates <20%, mostly
due to the difficulty of obtaining a second complete response (CR). New
agents such as nelarabine or clofarabine have demonstrated limited efficacy. New therapeutic approaches based on T cell-targeting immunotherapy are under investigation.
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Anaplastic Large-cell Lymphoma
ALCL is a T-cell NHL characterised by the expression of CD30 and of
cytotoxic-associated antigens and a frequent lack of expression of several
pan-T antigens such as CD3 or CD8. In AYAs, most ALCLs are ALK+
ALCLs, associated with the t(2;5) translocation, resulting in the NPM1ALK fusion protein. This fusion protein has proven to be immunogenic,
as evidenced by the detection of antibodies and cellular response against
ALK in patients with ALK+ ALCL.
Optimal treatment is not well defined. Most therapeutic strategies lead
to an EFS of 70%-75% and OS of >80% in children/adolescents and
adults. In children and adolescents, the ALCL99 protocol combining a
pre-phase and six alternating courses of multi-agent chemotherapy over
a period of 4 months is now considered the standard treatment, whereas
most adult patients are treated with six courses of CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone) or CHOEP (cyclophosphamide, doxorubicin, vincristine, etoposide and prednisone).
Several prognostic factors have been identified in paediatric studies:
histological subtype including a lympho-histiocytic or small cell component, detection of the t(2;5) translocation by reverse transcriptionpolymerase chain reaction (RT-PCR) in peripheral blood (minimal disseminated disease [MDD]/minimal residual disease) and low anti-ALK
antibody titres at diagnosis. These risk factors have not yet been tested
in adults, in whom the IPI has been shown to have a strong prognostic
impact.
There is still no gold standard for the treatment of relapses. However,
ALK+ ALCL patients still have a 50%-60% chance of survival after
relapse with various therapeutic approaches, including single-drug vinblastine, brentuximab vedotin, ALK inhibitors and, more recently, PD-1
inhibitors. However, the optimal duration of treatment and the need for a
consolidation after a CR obtained with these new therapies is still under
investigation.
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Conclusion
Despite the excellent survival rates obtained in lymphomas in this age
group, many questions remain unanswered. A better collaboration
between adult and paediatric collaborative groups is clearly needed in
order to design prospective trials for this population, including:
1)	Biological studies assessing the age-related differences in the different lymphoma subtypes
2)	Clinical trials aimed at maintaining high cure rates while reducing
the short- and long-term morbidity of treatment by offering tailored
therapy and better assessing the role of targeted therapies
3)	Assessment and prevention of long-term side effects associated with
treatment.
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Tumour incidence and type are age-dependent. This may be
explained by the progressive maturation of the brain
Delayed diagnosis is frequent because symptoms are misleading
in orphan diseases. Furthermore, adolescents and young adults
(AYAs) are facing many physical and emotional changes and often
misinterpret or neglect new symptoms
Molecular biology segregates histologically similar tumours
according to age
Intracranial germ cell tumours (GCTs) may be treated similarly in
all age groups
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Overview (continued)
n

n

n

Medulloblastoma requires an interplay between children’s and adult
treatment strategies
Internet-based AYA conferences may enhance knowledge and
cooperation between specialists of diverse origins
Follow-up is determined according to therapy received and
depends on the age of the patient


In normal circumstances, the transition from childhood to adolescence
and adulthood is a complex period physically, emotionally, sexually and
socially. When a brain tumour occurs during this period, not only does
the patient and his/her family face major obstacles, but the educational,
social and medical systems are challenged too. The specificities of
neuro-oncological challenges are age-dependent in many ways: tumour
site (preferentially infratentorial in children versus supratentorial in
adults); tumour type (mostly low-grade gliomas and embryonal tumours
in children, GCTs in adolescents and high-grade gliomas and meningiomas in adults); and long-term sequelae (neuropsychological development in children versus decompensation of comorbidities in adults). The
skills and fears of clinicians are therefore not the same when taking care
of adults or of children. AYAs are thus in between; no longer children
but not yet adults, they may suffer both paediatric and adult types of
disease and the medical and nursing teams and/or infrastructures may be
unprepared for this challenge. Moreover, AYAs with cancer are generally
under-represented in clinical trials for new therapies, which could at least
partially explain why less improvement in survival has been observed in
this population, when compared with younger and older patients.

Epidemiology
Brain tumours represent 25% of all tumours in the 0-14-year-old cohort,
9% for the 15-24-year-old cohort, and 2% later. The standardised incidence of brain tumours is age-related: 3.5, 3.2 and 14.5 per 100 000 person-years, respectively, for the 0-14, 15-24 and 25-84-year-old cohorts.
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They are the most frequent cause of death due to cancer in the two former cohorts, the second most common cancer and the first solid tumour
in the 0-14-year-old cohort, and the third most common in adolescents.
In adults, there was a significant decrease in the annual percent change
(APC) of malignant central nervous system (CNS) tumours (2008-2010:
APC, -3.1%), but a significant increase in non-malignant CNS tumours
(2004-2010: APC, 2.7%); whereas, in adolescents, there were significant
increases in both malignant (2000-2008: APC, 1.0%) and non-malignant
CNS tumours (2004-2010: APC, 3.9%) and, in children, a significant
increase in malignant CNS tumours (2000-2010: APC, 0.6%).
The occurrence of brain tumours in AYAs may be, at least partially,
induced by the transformation the brain undergoes during this period
of life, with an increase in the number and complexity of neuronal connections, whereas the density of the grey matter decreases in the cortical
regions to the level of an adult brain. This parallels with growth and
sexual spurts and improved cognitive, emotional and behavioural skills.
Thus, this period seems less prone to anarchic proliferation of small blue
round cells such as embryonal tumours, and more prone to proliferation
of glial cells leading to high-grade gliomas, though any type may occur
during this period.
Indeed, the incidence of embryonal tumours (including medulloblastoma) and low-grade gliomas is high during infancy and childhood,
while GCTs and craniopharyngiomas are more frequent in adolescence.
Meningiomas, high-grade gliomas and oligodendrogliomas are more
frequent in adults, though high-grade gliomas, for instance, may occur at
any age including infancy, especially in cases of genetic predisposition.
AYAs may present with any type of these pathologies, and the challenge
is to decide whether the tumour will behave and should be managed in
an adult or a paediatric way.
Intracranial GCTs are mainly seen in male AYAs (65% between the
ages of 11 and 20 years) and represent less than 1% of adult intracranial
tumours. They develop in midline structures (pineal, suprasellar or bifocal in 10% of cases), as do their extracranial counterparts, suggesting an
aberrant migration of primordial germ cells during the first 3 weeks of
gestation. As there is a similar picture of incidence for both intra- and
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extracranial GCTs during adolescence, it has been suggested that hormonal changes occurring during this period may at least participate in
the awakening of primordial germ cells. Melatonin secreted by the pineal
gland is involved in sleep regulation, and there is an increased need of
sleep during adolescence. Interference with follicle-stimulating hormone
(FSH) and luteinising hormone (LH) may affect both the age at occurrence and pituitary location.

Clinical Features and Reasons for Delayed
Diagnosis
Delay in diagnosis is increased in AYAs. The patient and their parents or
caregivers may not discriminate between physiological changes related
to adolescence and true pathological signs. Morning headache and vomiting related to intracranial hypertension may be misinterpreted as anorexia nervosa or chronic gastric pathology. Diabetes insipidus, decreased
visual field and Parinaud syndrome (main symptoms of GCTs) are subtle
and may last for months to years before brain imaging is finally requested.
Cerebellar syndrome related to posterior fossa tumours is sometimes
misleading: handwriting deterioration or instability may be misinterpreted as drug abuse or alcohol intoxication, for instance. Whether the
HeadSmart campaign launched in the UK for the early detection of paediatric brain tumours will increase the awareness of clinicians in both
paediatric and adolescent populations awaits demonstration.

Biological Features and Genetic Abnormalities of
AYA Brain Tumours
With the advent of genetic and molecular biology tools, it has become
clear that two histologically similar tumours may each have a distinct
origin and outcome. Though histological features are similar in paediatric and adult high-grade gliomas, molecular biology clearly shows
different mechanisms of activation. Activation of the platelet-derived
growth factor (PDGF) pathway, mutations of histones (H3F3A and
HIST1H3B) and of genes involved in chromatin remodelling (ATRX–
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DAXX) or ACVR1 are recurrent in children, whereas mutations in the
epidermal growth factor receptor (EGFR) pathway, phosphatase and tensin homologue (PTEN) loss and gain of chromosome 7 are typical of
adult high-grade gliomas. Similarly, paediatric low-grade gliomas are
mostly pilocytic astrocytomas driven by BRAF abnormalities (such as the
KIAA-BRAF fusion gene or V600E mutation), and their grading remains
the same in the long run, whereas low-grade gliomas in adults show IDH1
mutations and will ineluctably show grade elevation towards high-grade
gliomas. Even in neurofibromatosis type 1, where patients share a common driving mechanism, prognosis is better in children than in adults.
Biologically distinct types of ependymoma have been described: type A
infratentorial ependymomas occur mostly in children and have an ominous prognostic outlook as compared with type B infratentorial ependymomas, which occur in older children and have a much better prognosis; spinal myxopapillary ependymomas are more prone to relapse and
dissemination in children, probably due to the different molecular origin.
For GCTs, similar to their extracranial counterparts, teratomas and yolk
sac tumours are mostly infant tumours, whereas germinomas, embryonal
carcinomas, choriocarcinomas and mixed tumours occur in AYAs; loss of
1p and gain of 1q are found in infantile GCTs, whereas amplification of
isochromosome 12p is characteristic of post-pubertal tumours. Similarly,
in medulloblastomas, molecular biology describes four subgroups that
have an age-related prognostic significance: the Wnt-activated tumours
may occur at any age, though the excellent prognosis seen in children is
less obvious for patients >16 years old. Sonic hedgehog (SHH)-activated
medulloblastomas may occur in infants, children or adults, but the underlying activation and prognosis are not the same.
Thus, even if the name of the tumour and its appearance may seem similar, the molecular biology and sensitivity to therapy may vary. It is not
possible to directly transfer the knowledge acquired in paediatrics to
adult care or vice versa. Prognostic markers should be validated prospectively in AYA patients. This means that multidisciplinary management
including paediatricians and adult-patient specialists should cooperate.
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Diagnostic Review and Treatment:
A Multidisciplinary Approach
International consensus on optimal initial management is published for
some tumour types. Intracranial GCTs should be approached in a multidisciplinary fashion; according to serum and cerebrospinal fluid (CSF)
tumour marker levels and radiological features, the need for histological proof should be discussed with the surgeon. The treatment includes
platinum-based chemotherapy followed by risk-adapted radiotherapy.
The prognosis being excellent (from 70%-100% survival), the SIOP CNS
GCT II (EudraCT 2009-018072-33) protocol aims to reduce the therapeutic burden, minimise sequelae in localised germinoma and increase dose
intensity in high-risk non-germinomatous tumours. Recruitment was without age limit and is a perfect model for adult–paediatric cooperation.
Medulloblastoma represents another model. Medulloblastomas represent 20% of brain tumours in children, versus 1%-2% in adults. Though
no official consensus exists for the initial staging and grouping procedures for adult medulloblastomas, they derive from those obtained in
children. After management of raised intracranial pressure (by internal
or external shunting or ventriculocisternostomy), removal is always
indicated. It has been shown in paediatrics that the subspecialisation of
the neurosurgeon to paediatric surgery results in increased total removal
rates and a decreased rate of sequelae, as paediatric neurosurgeons are
more familiar with posterior fossa surgery. It remains to be seen if this
might apply in AYAs with adult neurosurgeons, who deal more with
supratentorial tumours. The completeness of surgery is one prognostic
factor (at least in some molecular subgroups). High-risk patients are
those with a post-operative residue (>1.5 cm²) and/or metastasis and/or
amplification of c-MYC or n-MYC and/or adverse histology (large cell/
anaplastic). Standard-risk patients may be included either in (SIOP)PNET 5 (EudraCT: 2011-004868-30) until 21 years of age or in an adult
protocol: for instance, ANOCEF (Association des Neuro-oncologues
d’Expression Française)-RSMA (EudraCT: 2012-002803-16) from the
age of 18 years. These underline how 18 to 21-year-old patients may
be treated in two different protocols, depending on whether they are
initially admitted in a paediatric or an adult unit. Both protocols adopt
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basically the same framework, using post-operative chemotherapy followed by craniospinal radiotherapy. The latter is derived from the larger
paediatric experience and aims at reproducing similar results, while the
former asks a randomised question on the use of concomitant carboplatin
in line with previous randomised studies. Whether a unique protocol for
this subpopulation is warranted and feasible remains a matter of debate.
The German Group recently reported on the feasibility of a paediatric
protocol in the adult world and, though results are encouraging, they
are inferior to the paediatric experience, and the tolerance is worse. For
high-risk patients, the use of high-dose chemotherapy with stem cell rescue prior to full-dose craniospinal radiotherapy has shown its efficacy in
children. To what limit and up to what age this may be directly translated
to the adult population remains an unsolved question.
Conversely, in high-grade glioma, most of the experience comes from
the adult world. A large randomised study using focal radiation of 60 Gy
with concomitant temozolomide followed by monthly temozolomide
demonstrated significant advantage over radiotherapy alone. While eligible patients were aged 18-70 years, most were older than 50 years of
age. Without any formal proof, the protocol was applied to the paediatric
population.
Since 2008, under the auspices of both paediatric (Société Française de
lutte contre les Cancers et les leucémies de l’Enfant et de l’Adolescent
[SFCE]) and adult (ANOCEF) societies, a weekly, national, internet-based
conference is held in France. Any patient with the following criteria is
discussed: AYA patients with any type of tumour and/or adults with a
‘paediatric’ type tumour, including GCTs, embryonal tumours, ependymoma and pilocytic astrocytoma. This has resulted in an increased rate of
inclusion in clinical trials, especially in SIOP GCTII and RSMA protocols.

Follow-up for Recurrence and Late Effects
The duration and type of tumour follow-up may not be similar in children and adults. The follow-up, while standardised in adult units for
patients with gliomas with short duration of survival, may be less effective for long-term survivors of medulloblastomas or GCTs. Even within
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the same tumour, patterns of relapse may vary according to age. For
example, in medulloblastoma, adults are prone to late relapse (50%
occur >5 years post-diagnosis, while late relapse is a rare occurrence in
children; in adults too, relapse more often occurs at bone sites. Followup recommendations should then probably be tailored according to age.
Apart from tumour surveillance, long-term multidisciplinary follow-up
is always recommended for brain tumour survivors, since they may face
numerous complications related to the tumour, the treatment or both.
Fertility in patients with brain tumours can be impaired either by central
gonadotropin deficiency related to pituitary irradiation or by direct toxicity of chemotherapy (most alkylating agents) and/or radiotherapy on
gonads during craniospinal irradiation. In the latter, isolated oligo- or
azoospermia is mainly observed in men, whereas, in women, gonadotoxic treatments lead to premature ovarian insufficiency, including both
endocrine and exocrine deficit. Preservation of fertility before treatment
is a crucial issue especially in the AYA population.
Apart from fertility issues, endocrinological deficits are frequently
observed in brain tumour survivors including growth hormone deficiency, precocious puberty, thyroid-stimulating hormone deficiency and
hypothyroidism, emphasising the importance of early and regular assessment of endocrine function in the long-term follow-up. As the pituitary
and suprasellar region is a frequent location of tumours in AYAs, endocrinological deficits are probably even more frequent in this population.
Ophthalmological follow-up to detect radio-induced cataracts in the long
term is recommended for irradiated patients, but should also monitor
oculomotor sequelae, such as diplopia. Audiological evaluation should
be performed regularly, especially in patients who received both platinum derivatives and radiation including the posterior fossa.
Regarding psychosocial issues, in a report from the Childhood Cancer
Survivor Study, where survivors from a brain tumour in childhood or
adolescence and their siblings were asked to answer a self-assessment
questionnaire, siblings were more likely than survivors to report current
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employment, annual income >$20 000, marriage and college graduation. In addition, survivors frequently required use of special education
services.
Long-term oncological follow-up is required, as radio-induced meningiomas or gliomas, thyroid carcinomas and basal cell carcinomas may
appear more than 10 years after treatment. Physical deficits may require
a specific follow-up with a rehabilitation team aiming to improve the
patient’s autonomy. Cognitive follow-up may also be important to detect
small deficits, especially in attention or executive functions, which may
lead to difficulties in professional life.
Some institutions have created specific AYA cancer units. Whether
AYAs with brain tumours benefit more from these units than from units
devoted to neuro-oncological tumours remains to be seen. Rehabilitation of motor, sensory, coordination and cognitive deficits is possibly
more specifically organised in neuro-oncological or rehabilitation units.
AYAs are usually students or workers, and specific attention to the social
repercussions of the treatment is warranted. Some institutions offer
schooling help to students while they are on therapy, or else specialised
social workers devoted to this specific population. They should particularly help patients whose impairments are not visible, such as memory
and attention deficits and asthenia. Psychological support teams should
enquire for depression and its consequences. The ease of reintegrating
patients with neurological sequelae depends on the national healthcare
system.

Conclusion
Neuro-oncology in AYAs is specific. Though similar, the knowledge
and skills of paediatric and adult neuro-oncologists are not identical due
to the difference in the types of tumours and standard protocols, and
because treatment tolerance and the expected sequelae are specific. Multidisciplinary meetings including adult and paediatric neuro-oncologists
are warranted to share expertise. Prospective studies are warranted to
better assess the particularities of this distinct population.
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Soft tissue sarcomas (STSs) are rare tumours that account for
about 5%-8% of all tumours in adolescents and young adults (AYAs)
For most subtypes of STS, overall survival (OS) rates decrease with age
Centralisation of care has an impact both on the diagnosis and
treatment of these patients, affecting the OS
AYA patients often report a prolonged path to diagnosis which
may impact on their potential for cure; awareness of the kind of
pathologies in this age group must be raised
The clinical management of such aggressive and heterogeneous
tumours is complex and necessarily multidisciplinary
International collaboration between paediatric and adult sarcoma
groups and research programmes dedicated to young patients with
STSs are of critical importance to improving the quality of treatment
Cooperation between adult and paediatric sarcoma groups may
favour the implementation of targeted pharmacological therapies
Increased survival rates from AYA cancers means a greater population
of survivors living with the long-term effects of treatments. AYAs
have the highest risk of secondary malignant neoplasms; long-term
follow-up programmes must therefore be developed


STSs are a heterogeneous group of mesenchymal extraskeletal malignant
tumours. STS histotypes differ significantly between adults and children,
with some histotypes typically presenting in AYA patients. In this population, different types of STS may be encountered, making treatment a unique
challenge requiring a multidisciplinary approach and a strong interaction
between the worlds of paediatric and adult oncology.

Soft Tissue Sarcomas: A Challenging Epidemiology
STSs are rare tumours, accounting for approximately 1% of all cancers
(annual incidence of around 5-6 per 100 000 persons). In the AYA age
group, STSs are relatively frequent and account for 5%-8% of all cancers; therefore, though incidence increases with age, the relative proportion decreases. STSs are a heterogeneous group of over 50 distinct
malignancies of presumed mesenchymal origin, with different biological
and clinical behaviour. The spectrum of STS subtypes varies across ages
(Figure 1). Considering gastrointestinal stromal tumours and Kaposi
sarcoma as separate entities, in the AYA age range paediatric-type STSs
(e.g. rhabdomyosarcoma [RMS]), histotypes peculiar to the young
(e.g. synovial sarcoma) and adult-type STSs can all occur.
Figure 1 The spectrum of the different STS subtypes varies across ages.

Abbreviations: FS, fibromatous sarcoma; GIST, gastrointestinal stromal tumour; KS, Kaposi sarcoma; LS, lipomatous sarcoma;
MS, myomatous sarcoma (non-rhabdomyosarcoma); RMS, rhabdomyosarcoma; SEER, Surveillance, Epidemiology, and End Results;
SS, synovial sarcoma; STS, soft tissue sarcoma.
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For most STS subtypes, OS rates decrease with age. The Surveillance,
Epidemiology, and End Results (SEER) database reports a 5-year OS of
73% for patients in the 15-39-years age group; however, this rate varies
substantially according to histology, grade of malignancy and disease
stage. For example, for RMS patients, a study of the SEER database
(period 1973-2005) described a 5-year OS of 60.5% for patients under
20 years old, as opposed to 26.6% for older patients. The epidemiological EUROCARE-5 study reported a 66.6% 5-year OS among 0-14-yearold patients with RMS versus 39.6% for patients aged 15-19 years (study
period: 2000-2007).
Similarly, epidemiological or retrospective analyses which directly compared the outcome of children, adolescents and adults with synovial sarcoma suggested a progressively worsening outcome with age. A SEER
study reported a 75% 10-year cancer-specific survival in patients <18
years as compared with 52% in adults; while a report from the Netherlands Cancer Registry showed a 5-year OS of 89% in cases <18 years,
73% in 18-34 years, 55% in 35−65 years and 43% in patients ≥65 years.
For adult-type STSs (e.g. liposarcoma, leiomyosarcoma, undifferentiated
pleomorphic sarcoma), a less aggressive clinical course is reported in
young patients than in older ones. In paediatric oncology these tumours
are very rare and are collectively known as non-rhabdomyosarcoma soft
tissue sarcomas (NRSTSs).

Possible Reasons for the Different Outcome
According to Age
The clinical management of AYAs with STSs is still a challenge due to
tumour-associated factors (e.g. clinical and biological heterogeneity) and
the lack of treatment standardisation, centralisation of care and research.
Therefore, the decrease in survival with advancing age reported for most
STS histotypes cannot be explained by a single factor.
Regarding tumour-related variables, AYAs with RMS, for example, are
generally more likely than children to have the unfavourable biological
type (the alveolar subtype) as well as advanced disease or metastases
at onset; and though limited data are available comparing biological
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findings of adult RMS with paediatric, RMS arising in adulthood may
have a different biology (e.g. a higher intrinsic aggressiveness). As far
as synovial sarcoma is concerned, recent studies have suggested that differences in genomic instability between adult and paediatric synovial
sarcoma may offer a biological explanation for the reported differences
in outcome. CINSARC (Complexity INdex in SARComas) is a 67-gene
signature related to chromosome integrity and genomic complexity that
has shown high prognostic value in adult STSs, and, specifically, has
been shown to predict the risk of metastatic spread in synovial sarcoma.
While no specific gene patterns were found to discriminate between
paediatric and adult tumours, chromosomal instability was reported as
frequent in adult synovial sarcoma and rare in paediatric cases.

Centralisation of Diagnosis and Treatment
The differences in outcome according to patient age may however be,
in part, related to the diverse access to referral institutions or clinical trials, and to the delivered treatment. The paediatric oncology strategy has
always been characterised by a high level of centralisation of care in specialised centres and wide collaboration on a national and international
level, resulting in a high rate of inclusion of paediatric patients in cooperative multi-institutional clinical protocols. An analysis from the European paediatric Soft tissue sarcoma Study Group (EpSSG) compared the
number of patients enrolled in EpSSG clinical trials (2008-2015 period)
with the number of cases expected to occur according to incidence rates.
Results showed that in children (0-14 years) 77% of RMS cases and 50%
of NRSTSs were enrolled (in some countries enrolment reached 96%),
as opposed to 64% and 18%, respectively, for adolescents (15-19 years).
The concentration of cases in specialised centres and the rate of inclusion
in clinical trials are assumed to be severely lower in the adult setting,
as patients are likely to be treated at numerous adult oncology centres
and departments. However, centralisation of care for adult STS patients
is improving in medical oncology. The French clinical reference network
for soft tissue and visceral sarcomas, NetSarc, was implemented in 2010
and has shown a positive impact on relapse-free survival; this will hopefully translate into a positive impact on OS for young adults in the coming
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years. Another important aspect, which makes centralisation extremely
relevant, is the role of reference pathology and molecular testing, which
might be unavailable in smaller and non-specialised centres, but is key
to a correct diagnosis. A recent French study has examined the discordance occurring in the diagnosis of STSs, frequently confused with benign
tumours, and has highlighted how centralised histological reviews may be
time saving for the patient and cost-efficient.
Concerning AYAs with RMS, patients treated outside of a referral paediatric oncology department may have limited access to quality treatment
due to the lack of experience of adult oncologists with this paediatrictype sarcoma and, due to the absence of clinical trials, standardised
therapeutic guidelines or dedicated programmes in adult organisations.
Treatment received by adults with RMS often differs from that usually
prescribed in children: the historical study from Milan (171 patients
aged >18 years with embryonal and alveolar RMS, treated in the 19752001 period) reported a 5-year OS of 40%, but the outcome was clearly
better in patients treated in line with a paediatric therapeutic approach
(61% versus 36%). It is worth noting that only 39% of patients received
a treatment strategy similar to that applied in childhood RMS, though
they were treated within a sarcoma referral centre. It may be important to
underline that one possible factor preventing adults from receiving intensive treatments designed for children is the potential poorer tolerance of
these subjects (e.g. the neurotoxicity associated with vincristine may be
more frequent and more severe in adult patients).

Delay in Diagnosis
A further aspect that may play a secondary role in the differences in outcome according to age in STSs is the pathway to diagnosis and the symptom interval. AYA patients often report a prolonged path to diagnosis
which may impact on their potential for cure. A study specifically focusing on symptom interval in STS patients showed a diagnostic delay of 1.5,
2.6 and 2.7 months in 0-9, 10-14 and >15 year-old patients, respectively.
Symptoms related to STSs may be often vague and non-specific (e.g.
an isolated soft tissue swelling or mass, with or without pain, that may
be slow growing). Young patients may, for various reasons, be reluctant
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to report their symptoms to a physician (e.g. lack of awareness, denial
mechanism, sense of invincibility, embarrassment concerning their own
nudity and other personal barriers in self-seeking medical help). Another
important factor in delayed diagnosis of AYA patients could also be the
limited awareness of physicians that young people can be affected by
such a cancer, and the lack of an organised network or a defined pathway
to diagnosis among the medical community.

Need for Multi-professional Interdisciplinary
Approach
The clinical management of such aggressive and heterogeneous tumours
as STSs is complex and, therefore, necessarily multidisciplinary, including surgery, radiotherapy and chemotherapy. Patients should be treated at
a comprehensive cancer centre with established experience in STS diagnosis, staging and treatment, and with access to clinical trials. Treating
patients outside of a referral centre has been identified as an independent
risk variable for non-adherence to treatment guidelines which has, in turn,
been shown to increase treatment costs, risk of recurrence and mortality.
Moreover, a recent study by NetSarc has demonstrated how compliance
to clinical practice guidelines and relapse-free survival of STS patients is
significantly improved when the initial treatment is guided by a specialised
multidisciplinary tumour board and, if surgery is performed in a reference
centre, it improves survival of sarcoma patients. Patient management may
also be particularly challenging in AYAs due to the different approaches
adopted over the years by paediatric or adult medical sarcoma experts dealing with the same disease. Synovial sarcoma is a perfect example, in view
of the relatively high rates of response to chemotherapy reported in first
paediatric series (i.e. approximately 60%, which is higher than reported
for adult STSs).

Current Treatment
Until recently, paediatric oncologists were prone to considering synovial
sarcoma a chemosensitive disease and extrapolated their approach from
protocols designed for RMS (e.g. intensive multi-drug chemotherapy for
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at least 6 months, adjuvant chemotherapy to all patients, even in cases
of completely excised small tumours). In contrast, in the adult sarcoma
community, patients with synovial sarcoma were generally treated like
the other adult STS patients (whose tumours were usually thought to
be poorly chemosensitive), with a treatment approach focusing on local
control and limited use of chemotherapy. Its rarity also hinders the possibility of developing randomised trials specific to synovial sarcoma and,
therefore, the role of chemotherapy in this tumour remains unclear.
However, more recently, the clinical management of synovial sarcoma
has tended to converge towards common strategies: adult oncologists
currently recognise that synovial sarcoma may be quite different from
other adult STSs (younger age at onset, greater metastatic potential, possible greater chemosensitivity), and, although there is no general consensus on the role of chemotherapy, many adult sarcoma experts recommend
it for adult patients with high-risk synovial sarcoma, and in particular
as neoadjuvant therapy. On the other side, paediatric oncologists have
shifted from an ‘RMS-like’ strategy in favour of a treatment approach
drawing from adult experiences: e.g. no chemotherapy in low-risk cases
(completely-resected tumours under 5 cm in size), use of the ifosfamidedoxorubicin regimen (currently seen as the most effective systemic regimen in adult STSs), chemotherapy according to the patient’s risk stratification (based on tumour size, site and stage) and shorter duration of
chemotherapy, even for higher risk patients (Figure 2).
A similar therapeutic approach has been observed also in adult-type
STSs. Paediatric oncologists currently adopt a clinical strategy similar to
that used by adult sarcoma experts: i.e. patients are stratified according
to the same prognostic variables; surgery (with or without radiotherapy)
is considered the mainstay of treatment; adult-type STSs are considered
tumours with uncertain chemosensitivity, though the variability of several
different subtypes must be referred also to their therapeutic sensitivity to
chemotherapy, and systemic therapy is therefore taken into consideration
for high-risk patients (high-grade tumours, larger than 5 cm in size).
RMS lies at the other end of the spectrum of STS subtypes occurring
in the AYA age range. Major differences between embryonal and
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Figure 2 Risk-adapted treatment approach for synovial sarcoma developed by the
European paediatric Soft tissue sarcoma Study Group (EpSSG).
The results of the trial (EpSSG NRSTS 2005) reported 138 patients <21 years treated between 2005
and 2012: 5-year event-free survival and overall survival 80.7% and 90.7%, respectively. Intergroup
Rhabdomyosarcoma Study grouping system: IRS group I – initial complete resection (R0 resection), IRS group II
– grossly resected tumours with suspected microscopic residual disease (R1 resection), group III – macroscopic
residual disease (R2 resection) or biopsy only (unresected disease). Adapted from: Ferrari A, De Salvo GL,
Brennan B, et al. Synovial sarcoma in children and adolescents: the European Pediatric Soft Tissue Sarcoma
Study Group prospective trial (EpSSG NRSTS 2005). Ann Oncol 2015; 26:567–572.
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alveolar RMS and adult-type STSs are the chemosensitivity of RMS and
that all cases are assumed to present with micrometastatic disease at
diagnosis and therefore need to be treated with systemic therapy. Multiagent chemotherapy (e.g. 6-9 months of vincristine, actinomycin D, and
ifosfamide or cyclophosphamide, plus eventually irinotecan) is the mainstay
of RMS treatment and this has partially changed the role of local therapies
over the years (e.g. more conservative organ-sparing surgery, reduction in
the indication to radiotherapy and its doses), in order to minimise, where
possible, the burden of treatment-related sequelae. Sarcoma experts
currently recognise that RMS patients, regardless of their age, would
receive better treatment when following guidelines derived from the large
paediatric experience. As a result, the future EpSSG protocol will be
designed without an upper age limit.
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New Targeted Therapies
Current consensus is that continued international collaboration between
paediatric and adult sarcoma groups and research programmes dedicated
to young patients with STSs are of critical importance to improving the
quality of treatment. This cooperation is also significant in view of the
need to focus on histology-based trials, rather than the traditional mixed
bag of STSs (acknowledging the difficulties in developing studies dedicated to single histotypes among rare tumours). Moreover, specific aspects
surround the development of novel targeted agents, where the discovery
of tumour-specific genetic changes that can be targeted pharmacologically is gradually changing the approach to STS. A number of new drugs
have demonstrated activity in various adult STS subtypes: i.e. pazopanib,
but also imatinib (in dermatofibrosarcoma protuberans), sunitinib (in solitary fibrous tumour and alveolar soft-part sarcoma), cediranib (in alveolar
soft-part sarcoma), crizotinib (in inflammatory myofibroblastic tumour)
and mammalian target of rapamycin (mTOR) inhibitors in perivascular
epithelioid cell tumours (PEComas). However, the impact of new targeted
agents in the paediatric population has not kept pace with the progress
seen in adult sarcoma patients. Various barriers still exist such as the small
number of paediatric patients, even in international projects, while legal
regulations limit the opportunities for development of new drugs in children and adolescents. Multi-level action is warranted to deal with this
disadvantage; however, better cooperation between paediatric oncologists
and adult experts is key to facilitating the transfer of potentially effective
new agents from the adult population to adolescents.

After the End of the Therapies
An increase in survival rates from AYA cancers means a greater population of survivors living with the long-term effects of treatments, each
with their individual presentation influenced by physiology, type and site
of cancer and treatment received.
Across all age groups of cancer survivors, AYAs have the highest risk of
secondary malignant neoplasms (SMNs). In a large SEER study of AYAs
aged 15-39 years treated between 1973 and 2011, the 30-year cumulative
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incidence of SMNs was 17.6% in patients who underwent radiotherapy,
compared with 12.4% in those treated without radiation, keeping in mind
radiotherapy has to be considered a key step in the multidisciplinary
treatment of AYA patients with STSs.
Young age at diagnosis and personal or family cancer history may suggest a genetic predisposition. For example, sarcomas account for 25% of
tumours presenting in TP53 germline mutation carriers, either inherited in
an autosomal dominant way (70% of cases) or occurring de novo (30% of
cases). In these patients, STSs are mainly represented by unclassified sarcomas (17%), RMS (16.5%), leiomyosarcomas (9.1%) and liposarcomas
(4.9%), with a ‘young’ age at occurrence (95% before 50 years of age).
Patients affected by mutation of the neurofibromin type 1 (NF1) gene,
either inherited or sporadic, may develop malignant peripheral nerve
sheath tumours (MPNSTs) with the median age at presentation being
26 years, versus 62 years in patients with sporadic MPNSTs. This has
led to an increased awareness of genetic predispositions in AYA STS
patients and specific follow-up programmes.

Conclusion
STS in AYAs is a unique spectrum of tumour subtypes, compared
with those found in children or older adults. The growing and closer
collaboration between medical oncologists and paediatric oncologists,
in a multidisciplinary setting, along with national and international
efforts in centralisation of care will help improve care and survival rates
in this population.
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Osteosarcoma and Ewing sarcoma, the most common bone
sarcomas in adolescents and young adults (AYAs), are characterised
by their very high metastatic potential
Therapy within prospective trials has been associated with
improved outcomes and should be encouraged
Treatment must always be multimodal and should be provided by
an experienced multidisciplinary team
Local control decisions must take into account the type and site of
the tumour and the patient’s remaining growth potential


Epidemiology of Bone Sarcoma in Adolescents and
Young Adults
Osteosarcoma is a primary malignant bone tumour that most commonly
affects children, adolescents and young adults. Osteosarcoma exhibits a
predilection to occur in the metaphysis of long bones. Ewing sarcomas
can also present with pain and a palpable mass. They often arise in the
bone but can also arise in the soft tissue.
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The incidence of osteosarcoma between 15 and 29 years of age is
slightly higher in males (0.59 per 100 000 per year) than in females (0.38
per 100 000 per year) and, of this age group, the incidence is highest
in adolescents of 15-19 years. For Ewing sarcoma the epidemiology in
15-29-year-olds has a similar pattern, with the highest incidence in teenagers. At 15-29 years of age, the incidence of Ewing sarcoma is 0.36 per
100 000 per year in males and 0.19 per 100 000 per year in females.
Chondrosarcoma is the third bone sarcoma in this age group, with an
incidence of 0.28 per 100 000 per year in males and 0.23 per 100 000 per
year in females 15-29 years of age.

Clinical Features and Reasons for Delayed
Diagnosis
Osteosarcoma mostly presents with swelling and/or pain in one of the
extremities, with the most alarming signal being pain at night. Occasionally, patients present with a pathological fracture. Approximately
15%-20% of patients have clinically detectable metastases at diagnosis.
Ewing sarcoma may also present with pain or swelling.
Delay in diagnosis is quite common, related to the rarity of the disease.
Pain in extremities may be misinterpreted in young people, leading to
delays by the patient and doctor. Interestingly, most bone sarcoma studies found no consistent association between length of diagnostic interval,
stage and survival. Some report that patients with a short (<2 months)
interval to diagnosis were more likely to have metastases at diagnosis, allegedly reflecting the aggressiveness of the tumour. Other studies showed the opposite results, where longer intervals to diagnosis had
worse outcomes. Of relevance, a diagnostic trajectory with inadequate
referrals and/or investigations often led to poorer outcome.

Biological Features and Genetic Characteristics
All Ewing sarcomas and most osteosarcomas are high-grade malignancies. Both are characterised by a high propensity for metastatic spread.
Osteosarcoma metastases usually affect the lungs; Ewing sarcoma
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metastases affect the lungs, bones or bone marrow. Rare osteosarcoma
variants such as parosteal, periosteal or low-grade central osteosarcomas
are of lower malignant potential and usually treatable by surgery alone.
While Ewing sarcoma does not belong to any known tumour susceptibility syndrome, the incidence of osteosarcoma is markedly increased
in rare syndromes such as hereditary retinoblastoma, Werner syndrome,
Bloom syndrome and Rothmund-Thomson syndrome, but also in the
more frequent Li-Fraumeni cancer predisposition syndrome. Recent
findings suggest that around 10% of osteosarcoma patients <30 years
of age carry germline TP53 variants and genomic analyses have also
discovered somatic TP53 alterations, MDM2 or RB1 gene alterations.
Overall, osteosarcoma shows striking genomic complexity and heterogeneity, often involving multiple structural abnormalities as well as hypermutated genomic areas.
Ewing sarcoma is characterised by translocations involving the EWSR1
(or rarely FUS) gene with various partners from the ETS family, most
frequently FLI1, but also ERG, ETV6 or others. While the detection of
these fusions carries important diagnostic implications, no prognostic
conclusions can be drawn from the presence of one translocation versus
the other.
Previously named ‘Ewing-like tumours’, some EWSR1-fusion-negative
round cell sarcomas carry other fusions. Novel entities include BCORCCNB3 (predominantly bony sites) or CIC-DUX (predominantly in soft
tissues), which are often treated like Ewing sarcoma, but are biologically
distinct, and their optimal therapy remains to be defined.

Importance of Centralised Diagnostic Review
and Treatment Within Multi-Institutional Group
Infrastructures
Even though bone sarcomas are typical cancers of AYAs, they are still
rare diseases. The European Society for Medical Oncology–European
Reference Network for rare adult solid cancers–European Reference
Network for Genetic Tumour Risk Syndromes–European Reference
Bone Sarcomas in Adolescents and Young Adults
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Network for paediatric oncology (ESMO–EURACAN–GENTURIS–
ERN PaedCan) Clinical Practice Guidelines for bone sarcomas therefore
call for the referral of all patients with a suspected primary malignant bone
tumour to a bone sarcoma reference centre or an institution belonging to a
specialised bone sarcoma network, prior to biopsy. Reference pathology review should be considered mandatory. Treatment based on collaborative multi-institutional, often multinational, protocols and within
prospective studies adds a further quality assurance component. Treatment of AYAs with bone sarcomas within prospective trials is associated with improved outcomes compared with treatment outside of such
studies. Currently, the European Reference Networks (ERNs) for rare
cancers (ERN EURACAN) and for paediatric cancers (ERN PaedCan)
are building pan-European referral systems aiming to improve access
to high-quality healthcare for conditions such as bone sarcomas, which
require specialist expertise when tools are not widely available due to
low case volumes and lack of resources.

Multi-professional, Interdisciplinary Approach to
AYAs with Bone Sarcoma
While chondrosarcoma remains a surgical disease, the most common
bone sarcomas in AYAs, osteo- and Ewing sarcoma, require multidisciplinary approaches. The treatment concepts for both bone sarcomas
consist of an initial period of several months of neoadjuvant combination chemotherapy, followed by local treatment of the primary tumour,
in turn followed by several additional months of adjuvant combination
chemotherapy. Dedicated multidisciplinary teams are required to deliver
such treatment regimens successfully. Along with medical and paediatric oncology, these teams must include (molecular) pathology, imaging
(radiology, nuclear medicine) and surgical (orthopaedic, thoracic) specialties, radiotherapy, rehabilitation specialists and others. In addition to
bone sarcoma expertise, they need to be able to provide age-appropriate
AYA-specific nursing and psychosocial support.
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Principles of Local Therapy
Even in the age of effective systemic therapies, local treatment remains an
essential component of successful bone sarcoma therapy. When choosing
the local treatment modality, at least three aspects must be considered:
n
Permanent local control
n
(Extremity) function
n
Cosmetic appearance
In osteosarcoma as well as in chondrosarcoma, the local treatment of
choice is always surgery. In Ewing sarcoma, surgery, radiotherapy or
combinations thereof are considered valid options. Findings from the
European EICESS-92 Ewing sarcoma trial suggest that local treatment
incorporating both surgery and radiotherapy can result in fewer local
failures, and that failure to select or deliver appropriate local treatment
modalities may compromise chances of cure. The decision about local
treatment measure(s) and reconstruction modalities is only to be made
after careful consideration within an experienced multidisciplinary team.
It is often advisable to include external expert advice, for instance from
consultation within multi-institutional infrastructures or ERNs, into the
decision-making process.
Surgery for bone sarcomas must strive for so-called ‘wide’ margins,
meaning the sarcoma (including the biopsy track) must be removed
en bloc, surrounded by an unviolated cuff of healthy tissue. In the
extremities, this often implies loss of a joint, most often the knee. Complete surgery is particularly challenging if a bone sarcoma involves the
axial skeleton (e.g. pelvis, vertebral column, ribs).
While limb-salvage surgery is considered less mutilating than amputation and can be performed in the majority of cases, it requires complex
reconstruction of the surgical defect. Various techniques are available.
Biological reconstruction, for instance with a vascularised fibula, can
be an option for selected diaphyseal defects. Joint replacement, however, generally implies implanting a metal endoprosthesis (or, rarer, a
cadaveric allograft). Anatomical and functional (knee) joint replacement
is particularly challenging in younger adolescents, who may still have
Bone Sarcomas in Adolescents and Young Adults
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considerable growth potential. While recent years have witnessed considerable advances in the development of so-called ‘growing’ endoprostheses, which can be lengthened non-invasively, these are still plagued
by a very high complication rate.
In osteo- as well as chondrosarcoma, radiotherapy is reserved for inoperable situations and then used at the highest feasible doses, if possible 60-70 Gy and above. Ewing sarcoma protocols often advise doses
around 54 Gy if radiotherapy is the sole mode of local treatment, and
45 Gy if it is combined with surgery. Late effects of radiotherapy, such
as growth defects or secondary malignancies, are of particular concern
in young patients with their long life-expectancy. Modern radiotherapy
techniques such as intensity-modulated radiotherapy (IMRT), proton or
heavy ion therapy are being evaluated, aiming to increase local control
while reducing late effects.

Principles of Systemic Treatment
Before 1970, treatment of osteosarcoma primarily included surgical resection. However, the introduction of chemotherapy led to a dramatic improvement in prognosis. For patients with localised osteosarcoma, long-term
survival rates of <20% improved to 65%-70% after the introduction of multiagent chemotherapy regimens. Controversy concerning the ideal combination of chemotherapy agents continued throughout the last quarter of the
20th century because of conflicting and often non-randomised data. Several
chemotherapy schedules have been used over time, but the combination of
cisplatin, doxorubicin and methotrexate (MAP) has remained a standard
regimen. The introduction of biological agents such as muramyl tripeptide
and the use of additional cytotoxic chemotherapy such as ifosfamide have
not definitively improved the survival of patients with osteosarcoma.
Currently, the management of primary osteosarcoma encompasses neoadjuvant chemotherapy followed by surgical resection of the primary
tumour and adjuvant chemotherapy. Neoadjuvant chemotherapy has
the advantage to prepare the orthopaedic procedure properly. Also, the
response to the chemotherapy can be evaluated. This response can be
good (<10% viable tumour after preoperative chemotherapy) or poor
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(≥10% viable), and has translated into differences in 5-year survival,
with ≥80% and ≤50%-60% for good and poor responders, respectively.
Unfortunately, trials designed to improve the poor prognosis for poor
histological responders to neoadjuvant chemotherapy by modifying
postoperative chemotherapy have not resulted in improved outcomes.
In primary Ewing sarcoma the standard treatment also has a multidisciplinary approach with neoadjuvant chemotherapy followed by local
treatment, in this case surgery and/or radiotherapy, and adjuvant chemotherapy. Chemotherapy schedules consist of vincristine, doxorubicin,
cyclophosphamide, ifosfamide, etoposide and actinomycin D. Current
5-year overall survival (OS) for patients with localised disease is 65%75%. Patients with metastases have a 5-year OS of <30%, although
patients with metastasis limited to the lungs fare better.
The role of high-dose chemotherapy (HDCT) followed by peripheral stem
cell transplantation (PSCT) is still a matter of debate. The most recent
results, presented at the American Society of Clinical Oncology (ASCO)
2016 congress, are based on EURO EWING studies, in which different
treatment approaches in over 3000 patients with various clinical presentations of Ewing sarcoma were included. High-risk patients received standard
neoadjuvant chemotherapy, surgical resection and were then randomised
to either standard treatment with vincristine, actinomycin D and ifosfamide (VAI) or HDCT and PSCT. Intention-to-treat analyses were performed. The study in patients with pulmonary and pleural metastases, in
which 265 were enrolled, showed insufficient evidence that HDCT and
PSCT improved outcome compared with standard chemotherapy plus prophylactic lung irradiation, the 3-year survival in both groups being 68%.
However, in patients with localised high-risk Ewing sarcoma, defined as
poor histological responders to induction chemotherapy alone, high tumour
volume, and large tumour size with unknown histological response data,
HDCT and PSCT showed favourable results. In 216 enrolled patients, those
treated with HDCT and PSCT had a significantly better 3-year survival of
78% versus 70% in the standard chemotherapy arm. The limitations of both
HDCT studies were the low percentage of patients eligible for randomisation who actually continued to randomisation (45%-55%) and the fact that
not all enrolled patients started their allocated treatment.
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Treatment of Recurrent Disease
Bone sarcoma recurrences have a dismal prognosis, particularly if they
occur early after the end of primary treatment. Both local and systemic
treatment options can be considered. The choice of the approach largely
depends on the interval since the last treatment, the histology of the
tumour, the pace and extent of growth of local and/or distant metastases,
the location of the metastases, the age and condition of the patient, and
the preferences of the patient. Obviously, also in this situation, patient
cases need to be discussed in multidisciplinary teams. Participation in
clinical studies, if available, should be advocated.

Follow-up for Recurrence and Late Effects
The follow-up of AYA bone sarcoma patients has different aims. At first,
attention is on the recovery from intensive treatments, such as chemotherapy and radiotherapy, and focuses on functional outcome after orthopaedic and other surgical procedures. Subsequently, the follow-up will
focus on the risk of local or distant relapse, which is highest in the first
years after diagnoses, although, mainly in Ewing sarcoma, late relapses
may occur. In addition, osteosarcoma and Ewing sarcoma patients have
an increased risk of late side effects of treatments and of second neoplasms, some of which are related to cancer risk syndromes, such as
Li-Fraumeni syndrome in osteosarcomas, and others (e.g. secondary
acute leukaemias) to the previous chemotherapy plus/minus radiotherapy, although the absolute incidence is low.
Furthermore, the follow-up of these young people should focus on the
age-related aspects of their disease, such as necessary changes in educational studies due to functional limitations or late side effects, difficulties
in finding employment, insurance coverage, relationship challenges and
fertility issues. The follow up of AYA survivors depends largely on the
organisation of cancer care nationally. Although follow-up guidelines
exist in paediatric oncology, there are fewer in place for AYA patients
diagnosed in their twenties and beyond.
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Overview
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n

Germ cell tumours (GCTs) are the most common solid tumour in
15 to 19-year-olds of both sexes
Both paediatric and adult specialists should be involved in the
diagnosis and treatment plan
Therapy must have an emphasis on fertility preservation
Management of GCTs, particularly those of intermediate and poor
prognosis, and those relapsing following chemotherapy, is complex


GCTs arise from germ cells most commonly within the gonads, and less
frequently in midline locations of the central nervous system (CNS), the
mediastinum and retroperitoneum. GCTs are classified as extragonadal
if there is no evidence of a primary tumour in the testes or ovaries. Testicular GCTs (TGCTs) are the most common form of solid cancer in
male adolescents and young adults (AYAs) and are classified histologically into seminoma or non-seminoma TGCTs. Ovarian GCTs (OGCTs)
account for approximately 10% of all ovarian malignancies and typically
occur in young adolescents. OGCTs are subdivided into dysgerminoma,
counterpart of the male seminoma, and non-dysgerminoma, counterpart
of the male non-seminoma. See Table 1 for the World Health Organization (WHO) 2016 histological classification of TGCTs (OGCTs share
similar categories to TGCTs).
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Table 1 World Health Organization classification of germ cell tumours of the testis.
Germ cell tumours of the ovary share similar categories as testicular germ call tumours.
Adapted from: Moch H, Cubilla AL, Humphrey PA, et al. The 2016 WHO Classification of Tumours of the Urinary
System and Male Genital Organs—Part A: Renal, Penile, and Testicular Tumours. Eur Urol 2016; 70:93–105.

Germ cell tumours derived from germ cell
neoplasia in situ
Non-invasive germ cell neoplasia
Germ cell neoplasia in situ
9064/2
S pecific forms of intratubular germ cell
neoplasia
Tumours of a single histological type (pure forms)
Seminoma
9061/3
Seminoma with syncytiotrophoblast cells
Non-seminomatous germ cell tumours
Embryonal carcinoma
9070/3
Yolk sac tumour, postpubertal-type
9071/3
Trophoblastic tumours
Choriocarcinoma
9100/3
N
 on-choriocarcinomatous
trophoblastic tumours
Placental site trophoblastic tumour
9104/1
Epithelioid trophoblastic tumour
9105/3
Cystic trophoblastic tumour
Teratoma, postpubertal-type
9080/3
Teratoma with somatic-type malignancy 9084/3
Non-seminomatous germ cell tumours of
more than one histological type
Mixed germ cell tumours
9085/3
Germ cell tumours of unknown type
Regressed germ cell tumours
9080/1
Germ cell tumours unrelated to germ cell
neoplasia in situ
Spermatocytic tumour
9063/3
Teratoma, prepubertal-type
9084/0
Dermoid cyst
Epidermoid cyst
Well-differentiated neuroendocrine
8240/3
tumour (monodermal teratoma)
Mixed teratoma and yolk sac tumour,
9085/3
prepubertal-type
Yolk sac tumour, prepubertal-type
9071/3
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Sex cord-stromal tumours
Pure tumours
Leydig cell tumour
Malignant Leydig cell tumour
Sertoli cell tumour
Malignant Sertoli cell tumour
Large cell calcifying Sertoli cell tumour
Intratubular large cell hyalinizing Sertoli
cell neoplasia
Granulosa cell tumour
Adult granulosa cell tumour
Juvenile granulosa cell tumour
Tumours in the fibroma-thecoma group
Mixed and unclassified sex cord-stromal
tumours
Mixed sex cord-stromal tumour
Unclassified sex cord-stromal tumour
Tumour containing both germ cell and
sex cord-stromal elements
Gonadoblastoma

8650/1
8650/3
8640/1
8640/3
8642/1
8643/1*

8620/1
8622/1*
8600/0

8592/1
8591/1

9073/1

Miscellaneous tumours of the testis
Ovarian epithelial-type tumours
Serous cystadenoma
Serous tumour of borderline malignancy
Serous cystadenocarcinoma
Mucinous cystadenoma
Mucinous borderline tumour
Mucinous cystadenocarcinoma
Endometriod adenocarcinoma
Clear cell adenocarcinoma
Brenner tumour
Juvenile xanthogranuloma
Haemangioma

8441/0
8442/1
8441/3
8470/0
8472/1
8470/3
8380/3
8310/3
9000/0
9120/0

Table 1 World Health Organization classification of germ cell tumours of the testis.
Germ cell tumours of the ovary share similar categories as testicular germ call tumours.
(Continued)
Haematolymphoid tumours
Diffuse large B-cell lymphoma
Follicular lymphoma, NOS
Extranodal NK/T-cell lymphoma, nasal-type
Plasmacytoma
Myeloid sarcoma
Rosai-Dorfman disease

9680/3
9690/3
9719/3
9734/3
9930/3

Tumours of collecting ducts and rete testis
Adenoma
8140/0
Adenocarcinoma
8140/3

The morphology codes are from the International
Classification of Diseases for Oncology (ICD-O) [917A].
Behaviour is coded /0 for benign tumours; /1 for unspecified,
borderline, or uncertain behaviour; /2 for carcinoma in situ
and grade III intraepithelial neoplasia; and /3 for malignant
tumours. The classification is modified from the previous
WHO classification [756A], taking into account changes in our
understanding of these lesions.
* New code approved by the IARC/WHO Committee for
ICD-O.

Abbreviations: IARC, International Agency for Research on Cancer; NK, natural killer; NOS, not otherwise specified;
WHO, World Health Organization.

Both TGCTs and OGCTs can occur in young children and in young adolescents (<18 years). OGCTs, in particular, can present between 10 and
15 years of age; TGCTs occur either in small children or during adolescence – most adolescents are 17 years or older. In children and young
adolescents, which span the AYA age group between 13 and 19 years,
both paediatric and adult specialists should be involved in the diagnosis
and treatment plan. The following points should be addressed: Is the
patient prepubescent? How is the emotional and cognitive development
of the patient? Where is the best place to treat them – on a children’s
ward or on an adult oncology ward? Which can provide the best (AYA)
support for the patient? Protocols from paediatric specialists and adult
specialists differ on some points. For TGCTs, most patients will be
17 years or older and will be treated following the adult protocol.
Management of AYAs with GCTs, particularly those of intermediate and
poor prognosis, and those relapsing following chemotherapy, is complex
and should be carried out in tertiary referral centres. Management is optimal when executed by a multidisciplinary team, including specialists in
urology, oncology, paediatrics, gynaecology, radiology, radiotherapy,
endocrinology, pathology and molecular genetics and with (para)medical
staff specialised in supporting AYA patients.
Germ Cell Tumours in Adolescents and Young Adults
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Epidemiology of GCTs
In adolescents of both sexes in the 15-19-year-old age group, GCTs are
the most common solid tumour and the second most frequent malignancy after Hodgkin lymphoma.
Data from European and USA population-based cancer registries show
GCT incidence rates of 34 and 56 per 1 000 000, respectively, and a marked
increase in incidence between 1970 and 2000, particularly in Nordic countries. Differences are seen between GCTs found in males (64 per 1 000 000)
and females (4 per 1 000 000). Most GCTs arise within the gonads (62 and
2.5 per 1 000 000, for men and women, respectively). Worldwide incidence
rates of TGCTs are depicted in Figure 1. In Western countries, incidence is
highest in Nordic countries and Switzerland. The lowest incidence is seen
in African countries (<0.5 per 1 000 000); lower rates are also seen in Black
males (10 per 1 000 000) compared with their caucasian counterparts in
the USA. The incidence of OGCTs is low across all continents, albeit most
infrequent in Caucasians and more common in Asian and Black females.
There is a difference in incidence of the histological subtypes of TGCTs and
OGCTs. In males, seminomas are more common with a peak in incidence
at 35 years; non-seminomas peak at 25 years. In females, both dysgerminomas and non-dysgerminomas peak at 15 to 19 years. Non-dysgerminomas
are more common across all age groups.

GCTs and Genetic Predisposition
Genome-wide association studies (GWASs) and recent exome-sequencing studies have identified a polygenic model of TGCT risk, without
the identification of a single major underlying genetic predisposition.
For OGCTs, recurrent somatic as well as germline mutations have been
reported in DICER1, implicating microRNA processing defects as an
oncogenic event for ovarian sex cord-stromal tumours (SCSTs), and in
FOXL2 for ovarian granulosa-cell tumours. TGCTs have a strong familial
predisposition, with brothers of patients having a four-to-eightfold higher
risk for TGCTs. The familial predisposition for OGCTs is less studied
and less understood. Nearly half of the risk for TGCTs includes inherited genetic factors, with at least 44 independent risk loci identified by
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Figure 1 Testicular cancer age-standardised incidence rate per 100 000.
From: Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. Lyon, France: International Agency
for Research on Cancer, 2020. Available from: https://gco.iarc.fr/today (date last accessed, 7 August 2022).

Abbreviation: ASR, age-standardised rate.

GWASs. Approximately nine percent carry mutations in cilia-microtubule
genes and rare deleterious variants in PDE11A. Chromosomal aberrations
associated with TGCTs are polyploidisation, amplification of chromosome 12 and aberrations in genes including KIT and KRAS. Other putative
risk factors include parental demographics, in utero chemical or hormone
exposure, parental lifestyle factors and maternal elevated body mass index.
Additional genetic and possible environmental influences may lead to hormonal imbalances between oestrogens and androgens and contribute to
an increased risk for GCTs. This may be present in children and AYAs
with androgen receptor polymorphisms, cryptorchidism, hypospadias and
subfertility (testicular dysgenesis syndrome). Klinefelter syndrome and
Turner syndrome are associated with GCT risk in boys and girls, respectively. Since elevated testicular cancer risk exists for brothers and fathers
of patients with TGCTs, the patient should be encouraged to inform them
of the need for self-examination.

Germ Cell Tumours in Adolescents and Young Adults
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Diagnosis of GCTs
TGCTs commonly present as a painless swelling of one testis. The initial
symptoms for OGCTs are pelvic pain and discomfort due to the presence of a pelvic mass, and menstrual irregularities. Patients with mediastinal GCTs may have obstructive symptoms of the lungs (airway compression), heart (failure) or vascular or lymphatic system obstruction.
The AYA population, particularly those between the ages of 15 and 29,
is prone to experiencing a delay in diagnosis, in part driven by patient,
healthcare provider and health system factors that include low awareness,
patient preferences surrounding treatment, insurance coverage and inefficient referrals to tertiary care facilities specialised in the care and treatment of AYAs. Due to the fast growth of GCTs, delayed diagnosis leads
to cancer upstaging and negatively impacts patient survival.
The work-up should follow specific guidelines for gonadal or extragonadal disease in males and females. In patients under 18 years, a decision
should be made whether the guidelines for children should be followed.
Diagnostic work-up includes an ultrasound of both testicles, an inguinal
orchiectomy in the case of a suspect lesion, and computed tomography
(CT) of the abdomen and chest for staging. Magnetic resonance imaging (MRI) is used when CT is inconclusive or contraindicated (contrast
allergy); it is the modality of choice for suspected bone marrow lesions
or CNS involvement. Imaging of the brain should be performed in
patients with CNS symptoms, or those with widespread metastatic disease and/or high levels of beta-human chorionic gonadotropin (β-hCG).
Serum β-hCG, alpha-foetoprotein (αFP) titre and lactate dehydrogenase
(LDH), a complete blood count and liver and renal function tests should
always be determined. Inhibin is secreted by granulosa cell tumours. It
is important to note that αFP and β-hCG are not wholly specific for the
diagnosis of GCTs, as these tumour markers are also associated with
liver disease, inflammation, physiological states and other diseases, and
with use of concomitant medication.
It is of fundamental importance that the pathological diagnosis is made
by a pathologist trained in germ cell cancers of either female or male
origin. Post-orchiectomy staging of TGCTs is done according to the
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American Joint Committee on Cancer/Union for International Cancer
Control (AJCC/UICC) TNM (Tumour, Node, Metastasis) classification, eighth edition, and the International Germ Cell Cancer Collaborative Group (IGCCCG) classification. Surgical staging for non-epithelial
ovarian cancers is adopted from that used for epithelial ovarian cancer
by the International Federation of Gynecology and Obstetrics (FIGO).
Germ cell neoplasia in situ can be detected in patients with (risk factors for) GCTs. Approximately five percent of patients with TGCTs have
germ cell neoplasia in the contralateral testicle, and additionally, neoplasia in situ can be also detected during infertility work-up.
The definitive diagnosis, staging and treatment plan for patients with neoplasia in situ, TGCTs, OGCTs and extragonadal GCTs requires imaging,
serum tumour markers and importantly a surgical specimen, whenever
possible. It should be carried out by a multidisciplinary team consisting
of adult and, when needed, paediatric specialists, preferably in a tertiary
referral centre with (para)medical staff specialised in supporting AYA
patients.

Treatment of GCTs
In germ cell neoplasia in situ, orchiectomy, radiotherapy or active surveillance are all options; the choice depends on the health of the other
testicle. As scrotal irradiation targets both germ cells as well as neoplasia, and compromises Leydig function and thus fertility, radiotherapy
can often be delayed until after the successful conception of offspring.
Treatment of the primary TGCT consists of radical inguinal orchiectomy, with prior semen cryopreservation to be offered to all men with
TGCTs. Post-orchiectomy staging, risk-group assessment and treatment
planning are carried out according to the European Society for Medical
Oncology (ESMO) guidelines and the AJCC/UICC and IGCCCG prognostic classification for metastatic disease. Treatment of TGCTs leads
to cure in 99%-100% of all patients diagnosed with stage 1A disease,
although 13%-19% of seminomatous TGCT (STGCT) patients and 30%
of non-seminomatous TGCT (NSTGCT) patients relapse. In patients
Germ Cell Tumours in Adolescents and Young Adults
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with risk factors, adjuvant chemotherapy with carboplatin for STGCTs
and bleomycin, etoposide and cisplatin (BEP) or cisplatin, etoposide
plus/minus ifosfamide for NSTGCTs can be given to reduce the relapse
risk. In seminoma testis, adjuvant radiotherapy for stage I disease is also
an option; however, most favour active surveillance or carboplatin due
to the increased risk for secondary malignancies seen following radiotherapy. Metastatic STGCTs show 5-year overall survival (OS) rates of
86%-99% for IGCCCG good-risk prognosis and 72%-83% for intermediate-risk. NSTGCTs have a similar prognosis with chemotherapy, with
OS rates of 90%-92% in the IGCCCG good-risk group, 80%-84% in
the intermediate-risk group and 48%-54% in the poor-risk group. In
patients treated for metastatic TGCTs, those who remain disease-free
for more than 2 years after diagnosis and subsequent treatment have an
excellent prognosis independent of IGCCCG risk criteria. A comprehensive overview of treatment for GCTs is beyond the scope of this chapter
and we refer to the ESMO guidelines and further reading options at the
end of this chapter.
Multidisciplinary management is fundamental, particularly following
chemotherapy in NSTGCTs; surgery should be performed in case of
residual masses, as approximately 40% of these contain teratoma. Complication rates are low, when done by experienced urologists in high-volume centres. In STGCTs, follow-up of residual masses is recommended
when <3 cm. In non-shrinking and growing masses >3 cm, fluorodeoxyglucose positron emission tomography (FDG-PET) scanning may
be helpful, as uptake suggests vital residual seminoma. Teratoma with
malignant transformation (non-GCT component such as adenocarcinoma or sarcoma) is rare and carries a poor prognosis. For metastaticTGCT patients who fail to achieve a complete response following firstline chemotherapy, salvage chemotherapy with four cycles of a triplet
regimen: cisplatin, ifosfamide and paclitaxel (TIP) or cisplatin, ifosfamide and etoposide (VIP) are widely used. Cure can still be achieved
in 50% of patients with standard-dose salvage chemotherapy. The role
of salvage high-dose chemotherapy with stem cell support is still being
investigated in the phase III worldwide TIGER trial.
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Even though long-term survival prospects are good for a high proportion
of AYAs treated for GCTs, improvements are still needed at the individual
patient level and in basic and translational research. These include refining
diagnostic accuracy, optimising personalised medicine for GCTs, diminishing psychological and post-treatment side effects, and understanding
molecular profiles as risk and treatment-resistance biomarkers.

Multi-professional and Interdisciplinary Approach
to AYAs with GCTs
For optimal treatment of GCTs in the AYA population, focus needs to
go beyond diagnosis and treatment. Adequate therapy must include an
emphasis on fertility preservation, emotional support for patients and
their families, socioeconomical support and educational encouragement,
with input from palliative care and survivorship specialists. In addition,
enrolment of AYAs into clinical trials is disproportionally low. Because
adolescents with GCTs were not always recruited into either paediatric
or adult studies, this has contributed to a large knowledge gap surrounding optimal treatment for AYAs. To counter this under-representation,
referral to tertiary care centres that offer specialised cancer treatment
for AYAs is needed to boost trial recruitment, knowledge and ultimately
outcomes for this specific patient population.
Early and late toxicities arising from surgery, radiotherapy and chemotherapy are common and include cardiovascular, oto- and neuro-toxicity,
and glomerular, pulmonary and bone-marrow toxicity. In particular, GCT
survivors who experienced a recurrence and received more than one line
of treatment are prone to experiencing late toxicities and dying from noncancer related causes. Intermediate- and long-term toxicities and their
management are discussed in more depth in Chapter 16. Follow-up also
needs to focus on the increased risk of secondary cancer (1.8-fold) after
radiotherapy or cisplatin-containing chemotherapy. The 25-year cumulative incidence for secondary cancers is approximately 10%. At age 75 the
risk for secondary cancer is approximately 47%, when treated for a GCT
at 20 years of age.
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Overview
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Breast cancer (BC) is uncommon in young women (≤40 years) and
is extremely rare in adolescents. Recently, it has become apparent
that BC in young patients carries unique clinicopathological and
molecular characteristics compared with older women and is
associated with a worse prognosis
Treatment of young BC patients needs specific considerations,
especially in terms of systemic and endocrine therapy
All young BC survivors suffer from physical and emotional issues
which could potentially affect them more, compared with their
older counterparts. They face problems related to their sexual
health, fertility, bone health and body image that should be properly
addressed by a multidisciplinary BC team


Most women diagnosed with BC are over 40 years of age. However, 6.5%
of diagnoses are in women aged between 35 and 39, and a smaller percentage (2.5%) in 30 to 34-year-olds. BC is very rare in adolescents, with less
than 1% of all cases occurring before the age of 30. The incidence of BC
in these age groups appears to have remained stable over the years. BC in
very young women (<35 years) is a unique entity presenting with clinicopathological and molecular characteristics different from those of older
women. Although the European School of Oncology (ESO)-European
Society for Medical Oncology (ESMO) consensus guidelines consider
young women with breast cancer to be ≤40 years, in all the relevant clinical
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studies there is no unified definition of ‘young age’. Most relevant clinical
papers consider ‘young women’ to be under 35 or 40.

Characteristics of Breast Cancer in Young Women
Breast Cancer Subtypes
Based on clinical and pathological features
In a retrospective analysis comparing the clinicopathological features of
BC in young women with those of older women, it was shown that in the
‘very young’ (<35 years) group of patients, there was a higher prevalence
of high-grade tumours (57.1% versus 34.0%; p < 0.0001) and tumours
classified as oestrogen receptor (ER)-negative (22.9% versus 12.8%;
p < 0.0001) and progesterone receptor (PgR)-negative (32.1% versus
19.3%; p < 0.0001). Moreover, both perineural-vascular invasion as well
as human epidermal growth factor receptor 2 (HER2) overexpression
were more frequent in the young age group. According to the immunohistochemical classification, in the group of patients aged <35 years,
there were fewer tumours identified as luminal A (9.2% versus 21.2%)
and more triple-negative tumours (16.2% versus 7.5%; p < 0.0001).
In another population-based study of 5605 adolescent and young adult
(AYA) BC patients aged between 15 and 39 years, a higher incidence of
hormone receptor (HR)-positive/HER2-positive, triple-negative and HRnegative/HER2-positive BC subtypes were described. In this particular
study, HR-positive/HER2-negative and triple-negative subtypes varied
by ethnicity and race.
Based on gene expression profile
Azim and Partridge published a study of 3522 patients with BC, of whom
451 were aged under 40 years. In the study, young patients were more
likely to have basal-like tumours, while luminal A-type tumours were
less frequent compared with older patients. RANK ligand (RANKL) and
BRCA1 mutation signatures were significantly more frequent in younger
patients. Similar analysis by Anders and colleagues reported conflicting
results, but this may be due to the small number of patients reported in
the study.
Breast Cancer in Girls and Young Women
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Is Young Age a Negative Prognostic Factor?
Retrospective data by Cancello and colleagues revealed that very young
patients with triple-negative, HER2-positive and luminal B tumours are
more likely to develop both distant metastases and locoregional relapse
when compared with older patients. In this study, both disease-free survival (DFS) and overall survival (OS) were worse in the younger patient
group. These results are confirmed by Anders et al in a different study, as
well as in a large trial by Partridge et al.

Familial Breast Cancer
Since 1990, tremendous progress has been made in the identification of
genes related to BC. Although several studies have investigated the pattern of mutations in BC, little is known in young patients. BRCA1/2 and
CHEK2*1100delC appear to be the most frequent germline mutations
in young BC patients. Regarding somatic mutations, although not thoroughly studied to date, PI3KA, ERBB2 and TP53 appear to be the most
frequent, as reported in a study by Azim and colleagues.
BRCA1, BRCA2 and TP53 genes, when identified, confer a 40%–85%
lifetime risk while PALB1, BRIP, ATM and CHEK2 are related to a moderate risk (20%–40%). In the future, testing of up to 50–100 genes utilising next-generation technology is likely to become routine practice.
Screening and medical management of women with familial BC differ
compared with women with sporadic cancer, although prognosis does
not differ in patients with similar biological characteristics and similar
stage. Currently:
n There is no conclusive evidence that either prophylactic contralateral
or unilateral mastectomy have an impact on survival in patients with
a hereditary cancer syndrome when diagnosed with early BC.
n For patients harbouring a BRCA1/BRCA2 mutation and aged >35, it
is recommended to discuss a risk-reducing salpingo-oophorectomy
when family planning is completed, always taking into consideration
the patient’s preferences.
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The optimal chemotherapy for patients with hereditary syndromes
remains to be defined, although the use of platinum agents should
be considered in advanced BC following the results of the TripleNegative Trial (TNT). The use of platinum agents in the neoadjuvant setting could be an option. A meta-analysis of all published
studies where platinum agents were added to standard neoadjuvant
chemotherapy in triple-negative BC showed that pathological complete response (pCR) rates were significantly increased compared
with other agents used in this setting. Although outcome data are still
controversial, the use of platinum derivatives as part of preoperative
chemotherapy could be discussed.
Poly(adenosine diphosphate-ribose) polymerase (PARP) inhibitors
may be preferable over chemotherapy in the advanced setting in
patients pretreated with anthracyclines and taxanes. More specifically, in the phase II BROCADE study, women were randomised
to typical doublet chemotherapy (carboplatin and taxane) with or
without veliparib. The veliparib arm revealed better response rates
compared with the doublet. In another phase III study (OlympiAD),
a different PARP inhibitor, olaparib, was compared with standard
chemotherapy in a patient population carrying BRCA mutations. In
this particular population, which had received one or two previous
lines of treatment, olaparib proved to be better in terms of response
rates, progression-free survival (PFS) and toxicity. Olaparib reduced
the risk of disease progression or death by 42% and improved PFS
by 2.8 months versus standard chemotherapy in previously treated
patients with HER2-negative, BRCA-positive BC.


Should Treatment for Young Women Be More
Aggressive?
Local Treatment
A Californian retrospective study of nearly 9000 young women with
early BC showed a worse survival in those who had a delay of >6 weeks
between diagnosis and surgery, compared with those who were treated
in less than 2 weeks. Young age is not a contraindication for breast
Breast Cancer in Girls and Young Women
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conserving surgery, although young women are at increased risk of
locoregional recurrences, as shown by a large meta-analysis by He et al
(2017). Moreover, young women often experience delays in diagnosis.
In a prospective study of nearly 600 young participants with BC, most
women detected their own BCs and most did not experience long delays
before diagnosis, although women with fewer financial resources were
more likely to delay seeking medical attention.
Adjuvant Treatment
Endocrine treatment
The ATLAS study, which tested the prolongation of adjuvant tamoxifen
from 5 to 10 years, proved that women who continued tamoxifen after
5 years had a reduction in both BC mortality and local recurrence after
year 10. Similar results were shown in the aTTom study. Therefore, based
on the above data, clinical guidelines suggest that extending tamoxifen
beyond 5 years should be recommended in high-risk patients.
The SOFT and TEXT trials were designed to clarify the added value of
ovarian function suppression in premenopausal women receiving tamoxifen or exemestane. In the combined analysis of the two trials, it is evident that the 5-year BC-free interval was improved in the group receiving
ovarian suppression and exemestane compared with ovarian suppression and tamoxifen (92.8% versus 88.8%). Based on the 8-year updated
results of the above trials, women with HER2-negative BC obtained the
greatest benefit from the escalated treatment, especially those who had
received adjuvant chemotherapy.
Short- and long-term side effects should be thoroughly discussed with
the patient in an individualised approach.
Chemotherapy and targeted therapy
Adjuvant chemotherapy regimens do not differ according to age. Anthracyclines and taxanes remain the backbone of systemic treatment. However, young women should be considered for neoadjuvant chemotherapy,
as they appear to achieve higher rates of pCR, especially the triple-negative and HR-positive/HER2-negative subtypes. Survival seems to be
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worse in patients who do not achieve a pCR, according to a large metaanalysis. A neoadjuvant approach also gives the patient adequate time
to be tested for genetic mutations and to find the best surgical approach
that suits them.
Young women with HER2-positive disease could receive, according to
recent randomised data, trastuzumab and pertuzumab in both the neoadjuvant and adjuvant settings. The clinical benefit from these agents
does not differ in younger patients compared with older patients.

Special Considerations
Fertility Preservation
As survival of young BC patients keeps improving, fertility preservation
appears to be mandatory when possible and desired. In general, fertility
after BC depends on the patient’s age, as well as the chemotherapy dose
and regimen administered.
Fertility-preservation options include ovarian tissue, oocyte/embryo cryopreservation or ovarian suppression using luteinising hormone-releasing hormone (LHRH) agonists during chemotherapy. It is crucial that
an oncofertility specialist consults every young woman with BC who
desires to have a family.
In terms of safety, all data including a large multicentre retrospective
study of nearly 1000 patients indicate that pregnancy following BC does
not seem to be detrimental during the initial 5 years following the pregnancy, including the ER-positive cohort. It remains unclear when is the
safest time to attempt pregnancy. It is generally considered better to wait
at least 2 years after initial diagnosis and 6 months after the completion
of systemic treatment. The consensus is that patients with ER-positive
BC would be recommended to complete their endocrine therapy. Endocrine therapy interruption could be considered on an individual basis for
those women wishing to resume their fertility and willing to undertake
the possible risk of early recurrence. In this scenario, women should be
encouraged to resume endocrine therapy after delivery. The POSITIVE
trial will clarify, in the near future, the safety of early interruption of
endocrine therapy.
Breast Cancer in Girls and Young Women
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Sexuality and Psychological Issues
An old multi-ethnic population-based study of nearly 500 women evaluating sexual problems in BC patients reported that difficulties in sexual
functioning were common and body image problems were experienced
by the majority of survivors. This was further confirmed by a meta-analysis which, despite its limitations, illustrated the physical and psychological distress young women face after being treated for BC. Although
further research is needed on this aspect, it is crucial for oncologists to
inform young women and suggest support programmes and treatments
which can alleviate this important treatment-related side effect.
Cosmetic Issues
Young patients are distressed not only by the BC diagnosis but also by
changes in their physical appearance after surgery. Since there is no
evidence that mastectomy improves OS in young patients, unless contraindicated, oncoplastic surgery by an adequately trained surgical team
should be offered. When indicated, skin- and nipple-preserving mastectomy and immediate reconstruction are possible, securing an adequate
aesthetic result. Implants or expanders do not affect survival and should
be used except in cases of inflammatory BC.
Bone Health and Menopausal Symptoms
Young patients with BC frequently experience bone loss because of the
therapeutic interventions, especially chemotherapy and endocrine therapy.
Several strategies can be applied for the prevention of osteoporosis, such
as the use of vitamin D and calcium supplements, adequate nutrition and
weight-bearing exercises. Bisphosphonates or anti-resorptive therapies
maintain or even increase bone mineral density, although it remains to be
seen whether these treatments alter the incidence of fractures for those at
risk. Menopausal symptoms are frequent in young patients. Non-hormonal
therapies, such as behavioural strategies and acupuncture, together with
psychoeducation, may assist young women in reducing their symptoms.
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Pregnancy-related Breast Cancer
Despite its rarity, BC is the most common malignancy during pregnancy,
although diagnosis is often delayed. Termination of pregnancy is not
needed in most cases, but the patient and family need to clearly understand the treatment specificities and consequences. As chemotherapy and
endocrine therapy are contraindicated during the first trimester, surgical
excision could be considered as the initial mode of action, if feasible.
The possible costs and benefits of sentinel node mapping with available
methods should be thoroughly discussed with the patient, but are generally feasible during pregnancy. Although anthracyclines and taxanes
seem to be safe during the second and third trimesters, other therapies
such as trastuzumab, endocrine therapy and radiotherapy are contraindicated during pregnancy. A dedicated and coordinated multidisciplinary
team, including neonatologists, should take in charge women facing BC
during pregnancy.

Conclusions
BC in young women is a unique entity with special considerations in
terms of treatment and long-term survivorship issues. These women
should be thoroughly discussed by the appropriate multidisciplinary
team that includes all specialists able to assist with their care.
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Hallmarks of colorectal cancer (CRC) below age 30 are mucinous
adenocarcinoma, advanced stage at diagnosis and poor prognosis
We recommend that in each patient with CRC diagnosed below
age 30 an underlying genetic cause must be considered, regardless
of family history of cancer
For all patients with CRC below age 30 we recommend screening
for Lynch syndrome
We recommend genetic testing for genes related to adenomatous
polyposis in patients with CRC below age 30, with either more than
five low-grade adenomatous polyps or one high-grade adenoma
Targeted genetic testing can be guided by the number and
histological classification of polyps as well as clinical features
(e.g. pigmentations, macrocephaly)
In many patients with CRC below the age of 30, the genetic cause
remains unknown


Usually, CRC affects older adults, with a median age of ~70 years at
diagnosis. CRC is rare in adolescents and young adults [(AYAs) between
15 and 29 years of age] and accounts for ~2% of all malignancies. The
distribution of histopathological CRC subtypes is different in young
patients compared with older patients, and the outcome is worse. This
suggests that CRC in young patients represents a distinct clinical entity
and is not always just an early presentation of the sporadic type of cancer that is mostly observed in older patients. For instance, mucinous
adenocarcinoma, generally associated with a worse prognosis, occurs in
approximately 50% of young patients, compared with ~10% in older
adults. Furthermore, in a large study of CRC patients below the age of 40,
the proportion of poorly differentiated, mucin-producing and advancedstage tumours, all being characteristics associated with a worse prognosis, were found to be inversely proportional to age.

Genetic Predisposition for CRC
Young age at diagnosis is an important indication of the increased possibility of hereditary CRC. Identifying the genetic cause of CRC may be
important in guiding choices regarding the extent of surgical treatment
(e.g. a larger colonic resection than without a genetic cause) and may
also affect chemotherapy decisions. If a genetic cause is identified, both
the patient and first-degree relatives (who have a 50% chance of inheriting the same mutation) may benefit from colon cancer prevention as a
result of regular surveillance by colonoscopy with polyp resection. Also,
prevention of extracolonic cancers may be possible in case of multiplecancer syndromes (e.g. Lynch syndrome, Peutz-Jeghers syndrome and
others). Furthermore, particularly in young adults, questions can arise
regarding the transmission of the mutation to offspring and the option
of prenatal diagnosis or preimplantation genetic diagnosis, i.e. genetic
profiling of embryos prior to implantation.
Patients with CRC below the age of 30 have been described for all
syndromes currently known to be associated with CRC predisposition
(Table 1). We recommend that for every patient with CRC diagnosed
below 30 years of age, an underlying genetic cause should be considered,
regardless of family history of cancer. In fact, most case series describing
Colorectal Cancer in Adolescents and Young Adults: Focus on Hereditary Syndromes
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Table 1 Syndromes Associated with Colorectal Cancer Predisposition.
Syndrome

Gene

Mode of Additional non-malignant features
inheritance

Lynch syndrome

MLH1, MSH2,
MSH6, PMS2,
EPCAM

AD

Li-Fraumeni syndrome

TP53

AD

MLH1, MSH2,
MSH6, PMS2,
EPCAM

AR

Non-polyposis syndromes

Adenomatous polyposis syndromes
Constitutional MMR deficiency

MUTYH-associated polyposis

MUTYH

AR

APC-associated polyposis

APC

AD

NTHL1-related susceptibility to
polyposis and CRC

NTHL1

AR

Hyper- or hypopigmentation of the skin,
pilomatricomas, agenesis of the corpus
callosum
Desmoid tumours, fundic gland polyps,
duodenal adenomas, osteomas, retinal
hypertrophy

POLE-related susceptibility to CRC

POLE

AD

POLD1-related susceptibility to CRC

POLD1

AD

MSH3-related susceptibility to
polyposis and CRC

MSH3

AR

Juvenile polyposis syndrome

SMAD4 and
BMPR1A

AD

Arteriovenous malformation, epistaxis,
telangiectasia (all in SMAD4 mutated
patients)

Peutz-Jeghers syndrome

STK11

AD

Perioral or buccal pigmentations

PTEN hamartoma tumour syndrome

PTEN

AD

Macrocephaly, multinodular enlarged
thyroid, autism spectrum disorder,
oesophageal glycogenic acanthosis,
lipomas, trichilemmomas, oral
papillomas, penile freckling

RNF43-related serrated polyposis

RNF43

AD

Other polyposis syndromes

Abbreviations: AD, autosomal dominant; AR, autosomal recessive; CRC, colorectal cancer; MMR, mismatch repair.
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CRC diagnosed at young age report low positive familial history rates
for CRC. Absence of relatives affected by cancer can be explained by
small family size, reduced penetrance or de novo or autosomal recessive
mutations. Also congregating di- or oligogenic mutations with synergistic effects may provide a plausible explanation for such cases, which are
not yet detectable by standard genetic diagnostics.
The genetic differential diagnosis for a patient diagnosed with CRC
below age 30 depends on the presence or absence of multiple polyps
(Figure 1). Most young patients with CRC present without polyposis.
We advise genetic testing for adenomatous polyposis syndromes in a
patient with CRC below age 30, when either more than five low-grade
adenomatous polyps or one high-grade adenoma is present. The presence of other rarer polyps such as juvenile polyps (BMPR1A or SMAD4
mutation) or hamartomas (PTEN [phosphatase and tensin homologue]
or STK11 mutation) can also guide the identification of an underlying
genetic syndrome, as depicted in Figure 1. Mutations in RNF43, an inhibitor of the Wnt pathway, have been associated with serrated polyposis
and predisposition to CRC in several independent families (reviewed in
Quintana et al, 2018), but further supporting evidence is needed.

Hereditary CRC Syndromes
In patients with CRC below 30 years of age without polyposis, the most
frequent genetic diagnosis is Lynch syndrome, caused by a heterozygous
mutation in one of the mismatch repair (MMR) genes (MLH1, MSH2,
MSH6, PMS2) or EPCAM deletions. Carriers of such a mutation are also
at risk for extracolonic cancers such as endometrial, gastric, hepatobiliary, ovarian, small bowel and urinary tract cancer. In a patient with CRC
caused by Lynch syndrome, microsatellite instability (MSI) or abnormal
immunohistochemical staining of the MMR proteins are both very sensitive screening methods for diagnosis (see Figure 1).
In case of homozygous or compound heterozygous (bi-allelic) mutations
in one of the MMR genes, a very rare syndrome develops: constitutional
MMR deficiency (CMMRD) syndrome. This syndrome is associated
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with CRC and adenomatous polyposis at a strikingly young age. Mainly
three types of malignancy characterise CMMRD: CRC, haematological
malignancies and brain tumours. These cancers occur in childhood or
adolescence. If patients survive the first cancer, they have a high risk of
developing a second or even a third malignancy.
Figure 1 Flowchart to direct testing for genetic predisposition in patients with
colorectal cancer at young age.
1 or more Peutz-Jeghers polyps
STK11

CRC < 30 years of age*
1 or more juvenile polyps
Non-polyposis

Polyposis

BMPR1A,
SMAD4

1 or more hamartomatous polyps
1 high-grade adenomatous polyp
>5 low-grade adenomatous polyps
MSI/IHC MMR proteins

Yes

Abnormal (MSI high
and/or loss of MLH1,
MSH2, MSH6 or PMS2 )
Normal
Germline analysis of the
corresponding gene(s)**
Consider analysis
of TP53 and/or
trio whole exome
sequencing

PTEN,
STK11

≥ 3 café-au-lait-spots / hypopigmentations
No
Polyposis gene panel analysis
(APC, MUTYH, POLE, POLD1, NTHL1)
Normal

Normal

* Specific features might direct targeted testing of recognisable genetic syndromes, like PHTS/Cowden syndrome or
Peutz-Jeghers syndrome (Table 1)
** Sequencing of all four MMR genes is advised in case of an MSI-high tumour and normal immunohistochemistry of the
MMR proteins. A missense mutation can result in the presence of a less or non-functional protein.

Abbreviations: CRC, colorectal cancer; IHC, immunohistochemistry; MSI; microsatellite instability; PHTS, PTEN hamartoma
tumour syndrome; PTEN, phosphatase and tensin homologue.
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Non-cancerous Features Leading to the
Genetic Diagnosis
In some young patients with CRC, specific additional features may lead
to the genetic diagnosis. For instance, a variety of non-malignant lesions
have been observed in CMMRD, such as hyper- and hypo-pigmented
lesions of the skin, mild immunoglobulin deficiencies and, rarely, congenital malformations. Macrocephaly, oral papillomas and autism spectrum disorder may lead to a diagnosis of PTEN hamartoma tumour syndrome. Peutz-Jeghers syndrome is well known for the mucocutaneous
melanocytic macules that become pronounced in most children before
the fifth year, but then may fade in puberty and adulthood. While taking the family history, it is important to focus both on cancer and these
additional non-malignant features. Non-cancerous features of CRC-predisposing syndromes are summarised in Table 1.

Diagnostic Testing of Hereditary CRC
We strongly recommend that all CRC patients below the age of 30 are
screened for Lynch syndrome, and when either more than five low-grade
adenomatous polyps or one high-grade adenoma is present also to perform testing for adenomatous polyposis coli and MUTYH.
Germline genetic testing in blood for hereditary syndromes is gradually shifting from targeted techniques that study one or a limited number
of genes to next generation sequencing (NGS) techniques where large
numbers of genes can be tested by a single analysis. Figure 1 depicts a
flowchart to help identify the correct targeted test to search for genetic
predisposition in an individual with CRC at young age. For genetic counselling, patients can be referred to a clinical geneticist who will address
medical, social and psychological consequences of genetic testing and,
of course, the possible benefits and consequences for family members.
NGS techniques like whole exome sequencing have been shown to
be highly effective in the identification of mutations in both known
and novel genes causing Mendelian disorders. Application of such
techniques can reveal mutations in genes that are involved in CRC
Colorectal Cancer in Adolescents and Young Adults: Focus on Hereditary Syndromes
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predisposition at very low frequencies, such as mutations in the repair
genes ATM and PALB2.
In many patients with CRC below 30 years of age, the genetic cause
remains unknown. To identify novel genes involved in CRC predisposition in AYAs, application of whole exome or genome sequencing on
germline DNA of patient–parent trios may be helpful. Including parental DNA in the analyses facilitates interpretation of genomic variants.
It enables searching specifically for de novo mutations and mutations
that follow an autosomal recessive or digenic mode of inheritance. Such
mutations are enriched among patients with conditions that have a poor
prognosis at young age and that results in a low chance of generating
offspring.

Conclusions
CRC in patients below the age of 30 is characterised by a high frequency
of mucinous adenocarcinomas, advanced-stage tumours and poor prognosis. Genetic predisposition plays an important role in the aetiology of
CRC at young age and is not always recognisable by a family history of
cancer. Number and histological classification of polyps as well as other
non-malignant features can guide genetic testing. We recommend that all
CRC patients under 30 years of age are screened for Lynch syndrome and
to test for adenomatous polyposis coli and MUTYH when more than five
low-grade adenomatous polyps or one high-grade adenoma is present.
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Melanoma in adolescents and young adults (AYAs), while relatively
uncommon, is a serious diagnosis. This can be broadly divided
into two groups: juvenile melanoma (≤20 years old) and more
‘conventional’ melanoma diagnosed >20 years, which is usually
managed as ‘adult’ melanoma
Juvenile melanoma (≤20 years) can arise from healthy skin or in
relation to a predisposing lesion, or in the context of predisposing
conditions
There are three subtypes: Spitz melanoma, conventional melanoma
and melanoma arising from congenital naevi
A distinction of the subtypes is important for prognostic purposes
Early clinical recognition can be difficult, as atypical presentations
are common
Surgical resection remains the cornerstone of management
High-level evidence to guide management specific to the juvenile
population regarding surveillance, adjuvant therapy and systemic
treatment is lacking; and is often extrapolated from data from the
adult population


Melanoma in AYAs is a serious diagnosis. This can be broadly divided
into two groups: more ‘conventional’ melanoma diagnosed >20 years
of age, which is usually managed as ‘adult’ melanoma, whereas juvenile melanoma (≤20 years) warrants particular discussion due to its more
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varied biology, difficulties in diagnosis, as well as particular management
considerations in this age group. Juvenile melanoma remains overall a
rare disease, accounting for 3% of all malignancies diagnosed in this
age group. However, the incidence has been increasing, with a reported
rise of 2.9% per year. Juvenile melanoma can arise from healthy skin
or in relation to a predisposing lesion, or in the context of predisposing
conditions. This chapter aims to provide an overview of the clinical and
histopathological features that characterise juvenile melanoma, and to
discuss the current treatment landscape for early and advanced stages of
the disease.

Subtypes of Juvenile Melanoma
Melanoma in AYAs can be broadly divided into three subtypes: Spitz
melanoma, conventional melanoma (CM) and melanoma arising from
congenital naevi (CN). Distinction between the above is clinically relevant, due to a propensity for differences in clinicopathological features,
molecular characteristics and prognosis.
Spitz Melanoma
Spitzoid melanocytic lesions describe a spectrum of lesions with differential biological behaviours – from benign or indolent conventional Spitz
naevus to atypical Spitz tumours (ASTs) with indeterminant malignant
potential and malignant Spitz melanoma. Therefore, reliable clinical and
histological classification is important, but can be a diagnostic challenge as
overlapping features between the benign and malignant lesions can occur.
Conventional Spitz naevi present as symmetrical, well-circumscribed,
small (<6 mm) lesions, and exhibit a distinct cellular phenotype with
benign or low-grade cytologic atypia (Figure 1). ASTs describe lesions
with one or more histological atypical features and can have indeterminate malignant potential. Typically, these lesions are more likely to have
clinically abnormal features (e.g. irregular border, >10 mm, ulceration)
and histologically exhibit atypia (e.g. increased dermal mitoses, irregular
melanin) (Figure 2). ASTs can follow a variable clinical course, but overall are associated with a favourable prognosis; despite up to 50% rates of
sentinel lymph node positivity, the likelihood of distant metastases is low.
Juvenile Melanoma
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Figure 1 Spitz naevus. A. Scanning magnification demonstrates a predominantly
nested, symmetrical lesion with associated epidermal acanthosis. Nests are large,
with clefting. B. Higher magnification demonstrates enlarged epithelioid melanocytes
with prominent nucleoli arranged in nests. Kamino bodies (yellow arrowheads) may
be rare or numerous. Dermal naevomelanocytes retain spitzoid morphology but show
decreased size with descent into the dermis, indicated by arrows (haematoxylin-eosin,
original magnifications ×15 [A] and ×100 [B]).
Adapted from: Harms K, Lowe L, Fullen D, et al. Atypical Spitz tumors: A diagnostic challenge. Arch Pathol Lab Med 2015;
139:1263–1270.
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Figure 2 Spitzoid melanoma. A. Scanning magnification reveals an asymmetrical
lesion with large nests and associated epidermal acanthosis. B. Higher magnification
reveals poorly nested areas with pagetoid scatter, consistent with melanoma in situ.
C. Dermal component displays atypical spitzoid cells without evidence of maturation
(haematoxylin-eosin, original magnifications ×20 [A] and ×200 [B and C]).
Adapted from: Harms K, Lowe L, Fullen D, et al. Atypical Spitz tumors: A diagnostic challenge. Arch Pathol Lab Med 2015;
139:1263–1270.

Spitz melanoma follows a more aggressive clinical path. In practice,
Spitz melanoma can also resemble benign lesions, and often the accurate
diagnosis is made in retrospect upon metastatic progression. Examples of
clinical and histological features that delineate a Spitz melanoma from
Spitz naevi may include asymmetry, irregular border, high-grade nuclear
atypia and increased dermal mitoses (Figure 3). In addition, Spitz melanoma can share morphological features with CM, making differentiation
difficult. A useful molecular distinguishing feature is that BRAF/NRAS
mutations are rare in a Spitz melanoma, but almost always present in CM.
Juvenile Melanoma
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Figure 3 Atypical Spitz tumour of uncertain biologic potential. A. Large, polypoid
tumour with ulceration. B. Cellular fascicles of spindled spitzoid cells with minimal
pleomorphism and occasional mitotic figures (yellow arrowhead). C. Subcapsular
deposit of spitzoid cells (yellow arrowheads) in sentinel lymph node for atypical Spitz
tumour (haematoxylin-eosin, original magnifications ×5 [A], ×400 [B] and ×200 [C]).
Adapted from: Harms K, Lowe L, Fullen D, et al. Atypical Spitz tumors: A diagnostic challenge. Arch Pathol Lab Med 2015;
139:1263–1270.
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Conventional Melanoma
CM in the juvenile population is similar to many characteristics of adult
melanoma, and accounts for 40%-50% of juvenile melanoma, but rarely
occurs in prepubescent children. These are associated with traditional
risk factors for melanoma including sun exposure, fair skin, poor ability
to tan and multiple naevi. The characteristic molecular feature is a near
universal (>85%) BRAF driver mutation. The natural history per stage is
comparable to the adult counterpart of the disease.
Melanoma Arising in Congenital Naevi
CN are melanocytic lesions present at birth. Correlating with size, the
lifetime risk of malignant transformation ranges from 1% for small to
medium-sized CNs, to approximately 5% for large CNs (predicted 20
to >40 cm adult diameter). However, most (>50%) melanomas arising
from CN occur by age 10. CN-associated melanomas follow an aggressive clinical course. A meta-analysis of 14 studies (N=2578) reported a
mortality rate of 55% for melanomas associated with large CNs. These
lesions commonly harbour an activating NRAS mutation at codon 61.

Predisposing Conditions
While 10% of melanoma patients report a family history of the disease,
this is likely to be attributable to shared sun exposure, as true hereditary
melanoma is rare. Approximately 1% of juvenile melanoma diagnoses
are associated with familial melanoma syndromes. The family history of
those affected by familial melanoma syndromes is often characterised by
consecutive, multi-generations affected and unilateral lineage.
Familial melanoma and xeroderma pigmentosum (XP) are two examples of hereditable predisposing conditions that significantly increase the
risk of juvenile melanoma. Germline mutations in CKDN2A are the most
common, accounting for 25%-50% of familial melanoma syndromes, followed by mutations in CDK4. The presence of germline CKDN2A mutation is associated with poorer overall survival (OS) compared with those
with sporadic melanoma or CKDN2A wild-type gene in the setting of
familial melanoma. XP is a rare (frequency of 1 in 250 000 individuals)
Juvenile Melanoma

147

autosomal recessive disorder, characterised by defective DNA excisional
repair mechanisms, leading to 2000-fold lifetime malignancy risks, including melanoma. Five percent of those with XP are diagnosed with melanoma by a median age of 19 years. Other skin cancers such as squamous
cell carcinomas and basal cell carcinomas are also associated.
Non-hereditary predisposing conditions include total body naevus count
and systemic immunosuppression.

Clinical Features
Clinical diagnosis of juvenile melanoma can be difficult, as the more
conventional ABCDE criteria (Asymmetry, Border irregularity, Colour
variation, Diameter >6 mm and Evolution) are not always applicable
and can lead to delayed diagnosis. A retrospective study of 70 patients
with a diagnosis of juvenile melanoma found 60% of children (aged 0-10
years) and 40% of adolescents (aged 11-19 years) did not meet the traditional ABCDE criteria. In contrast, the most common features were
amelanosis, lesional bleeding, raised papulonodular lesions and de novo
development. As such, additional ABCD detection criteria (Amelanotic,
Bleeding/Bump, Colour uniformity, De novo and any Diameter) for the
recognition of juvenile melanoma have been proposed.

Management of Juvenile Melanoma
Wide Local Excisions, Sentinel Lymph Node Biopsy and Nodal Dissection
Complete surgical resection remains the cornerstone of management for
early-stage melanoma. Guidance regarding surgical margins for excision
in the paediatric population is largely extrapolated from adults, as children have often been excluded from clinical trials. The National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in
Cutaneous Melanoma recommend a 1 cm surgical resection margin for
melanomas ≤1 mm tumour thickness; 1-2 cm surgical margin for >1-2
mm tumour thickness; and 2 cm surgical margin for tumours >2 mm
thickness. In the juvenile population, these margins are recommended to
be adapted with considerations for cosmetic, anatomical and functional
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outcomes. Narrower margins may be adequate, with reported lower local
recurrence rates for melanomas of the same depth compared with adults.
The role of sentinel lymph node biopsy (SLNB) is evolving. In addition,
much of the published literature on the clinical implications of SLNB in
the juvenile population comes from small, retrospective, single-centre
studies which can include heterogeneous histology. Reported experiences have been variable. Pooled observation from several retrospective
series shows that juvenile melanoma can be associated with higher rates
of sentinel lymph node positivity, tends to have thicker melanomas at
diagnosis, and melanoma-specific survival (MSS) is comparable or better compared with adults with the same disease stage. A 2016 retrospective study including 310 paediatric patients (<20 years) reported on the
prognostic value of SLNB in children. In this study, positive SLNB correlated with worse MSS compared with those with negative SLNB at 84
months (89% versus 100%; p = 0.04), but overall patients had a favourable survival compared with matched adult patients with melanoma >0.75
mm and positive SLNB (88% versus 66%; p = 0.02).
For those with positive SLNBs, complete nodal clearance has been considered as a reasonable option in the past. However, the large, prospective, randomised phase III Multicenter Selective Lymphadenectomy
Trial-II (MSLT-II) study published in 2017 concluded a lack of MSS
benefit for nodal dissection in this context. This study enrolled 1935
patients (in the intention-to-treat [ITT] group; n=1755 in the per-protocol analysis group) with positive SLNB and compared those who underwent immediate nodal dissection versus observation followed by nodal
dissection upon regional recurrence. The included patients were aged
18 to 75 years. At 3 years, MSLT-II demonstrated no difference in MSS
(86±1.3% versus 86±1.2%; p = 0.42) but improved disease-free survival
(DFS; 68±1.7% versus 63±1.7%; p = 0.05) in the surgery versus observation groups, respectively. Lymphoedema rate was higher in the dissection versus observation group (24.1% versus 6.3%).
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Adjuvant Radiotherapy
In general, adjuvant radiotherapy following definitive surgical resection
of melanoma is not recommended. Adjuvant radiotherapy can be considered in cases where local recurrence and associated morbidity risk is
considered to be significantly high; however, this is to be balanced by a
lack of OS and relapse-free survival (RFS) benefit and notable adverse
event rates. The potential long-term effects of radiation in children
should also be a consideration.
Adjuvant Systemic Therapy
Currently, there is a paucity of evidence guiding the use of adjuvant
therapy for the treatment of high-risk juvenile melanoma. Two small
studies evaluated the feasibility of adjuvant interferon (IFN) in children
and young adults. One study investigated the use of adjuvant interferon
alpha-2b (IFNα2b) in children ≤18 years, and the second study investigated pegylated IFN for 23 patients aged ≤21 years, both in the context
of resected high-risk melanoma (both reported by Navid and colleagues
in 2005 and 2016, respectively). These studies showed adjuvant IFN was
feasible and tolerable for this population, but clinical efficacy is difficult
to conclude.
It is worthwhile to discuss the recent advances in adjuvant therapy beyond
IFN in the adult population. Traditionally, adjuvant IFNα has been used
for treatment of high-risk melanoma, with absolute RFS and OS benefits
of only approximately 3%. This was associated with clinically significant toxicities, limiting its use. Since 2016, large, randomised phase III
studies involving immune checkpoint inhibitors (ipilimumab, nivolumab
and pembrolizumab) and targeted agents in those with BRAF V600positive melanoma (dabrafenib and trametinib in combination, or vemurafenib alone) have been published with favourable results in the setting
of resected, high-risk melanoma in the adult population. It is noteworthy
that the randomised, phase III study (CheckMate 238) comparing adjuvant nivolumab with ipilimumab in patients with melanoma-involved
lymph nodes, or metastatic melanoma who have undergone complete
resection, included patients from the age ≥15 years (N=905; median age
was 56 years in the nivolumab group). Eggermont et al (2018) reported
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favourable RFS for adjuvant pembrolizumab for 1 year, compared with
placebo, after a median follow-up of 15 months (1-year rate of RFS
75.4% [95% confidence interval (CI), 71.3-78.9] versus 61% [95% CI,
72.7- 80.9]), and Long et al (2017) reported an improved 3-year OS rate
for combined dabrafenib and trametinib versus placebo (86% versus
77% respectively, hazard ratio for death, 0.57; 95% CI, 0.42-0.79; p =
0.0006). Both trials included patients ≥18 years. In the context of all of
the completed adjuvant studies, adjuvant IFN is no longer the only or
favoured option in the adult population in many oncology centres.
There is clearly a need for further studies to investigate the use of adjuvant therapy for resected high-risk melanoma in the juvenile population
in the face of notable clinical efficacy for adjuvant checkpoint inhibitors
and BRAF-targeted therapies in adults. In principle, important additional
considerations for children and young adults in the context of adjuvant
immunotherapy would have to include treatment impact on growth and
fertility, as checkpoint inhibitors can be associated with irreversible
endocrine axis adverse effects, and the impact on long-term fertility is
largely unknown. While the side effects of BRAF-targeted therapies are
generally reversible upon cessation of drug, the use of these agents in the
developing adolescent has been limited. There are no head-to-head trial
data comparing immunotherapy and targeted therapy for the treatment of
melanoma in any setting.
Surveillance of Resected Melanoma
Risk of relapse and surveillance for melanoma relapse need to be considered following the treatment of early stage disease. There is currently no
global consensus for the surveillance of juveniles following resection of
high-risk melanoma. By extrapolation from adult melanoma guidelines,
specialist centres have adapted surveillance strategies for the juvenile
population, with additional considerations for minimisation of ionising
radiation exposure. We employ a ‘young person surveillance protocol’
for the follow-up of young adults after resection of high-risk melanoma.
Low-dose non-contrast computed tomography (CT) of the thorax and
magnetic resonance imaging (MRI) of the brain, abdomen and pelvis are
employed (Table 1).
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Table 1 Young Person (<30 Years) Surveillance Protocol Following Resection of
High-Risk Melanoma.
Adapted from: The Royal Marsden (United Kingdom) Surveillance Guidelines: ‘Diagnostic Radiology and Nuclear
Medicine Imaging Referral Guidelines: Skin – High-Risk Melanoma Patients <30 Years Old’ .

CT

MRI

FNA/biopsy/ultrasound FDG-PET-CT

Low-dose non-contrast
CT chest:
3-monthly – year 1
6-monthly – years 2-3
annually – years 4-5

MRI abdomen and pelvis:
3-monthly – year 1
6-monthly – years 2-3
annually – years 4-5

Ultrasound neck, if
clinically indicated

MRI brain:
6-monthly – year 1
annually – years 2-3
Also, upon any extra-cranial
relapse

FDG-PET-CT in
selected cases prior to
surgery for recurrent
nodal disease
Consider if mainly soft
tissue or limb burden
of disease

MRI neck, if clinically indicated
Abbreviations: CT, computed tomography; FDG, fluorodeoxyglucose; FNA, fine needle aspiration; MRI, magnetic resonance
imaging; PET, positron emission tomography.

Management of Metastatic Disease
Treatment of metastatic melanoma for this age group is a significant
challenge. While it is likely that drug therapies proven to be efficacious
for the treatment of advanced melanoma in adults may also be active in
the juvenile population, there is limited published experience for the use
of systemic therapy in this group.
Ipilimumab has gained an expanded Food and Drug Administration
(FDA) indication for the treatment of patients aged ≥12 years in the context of data across two studies showing responses in two of 17 patients
≥12 years with advanced melanoma. In the phase II study, ipilimumab
was administered at either 3 mg/kg (n=4) or 10 mg/kg (n=8) to 12 patients
aged 12-18 years with unresectable stage III or stage IV melanoma. The
study was terminated due to slow accrual, but one patient maintained
partial response at 3 years. Grade 3/4 immune-related adverse events
were observed in one patient dosed at 3 mg/kg and five patients dosed
at 10 mg/kg. In the phase I dose-escalation study evaluating ipilimumab,
12 patients had advanced melanoma, five of whom were ≥12 years, and
one patient dosed at 5 mg/kg achieved stable disease.
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A phase I, open-label study has attempted to evaluate targeted therapy
for BRAF mutation-positive melanoma in the paediatric population.
Six patients aged 12-17 years were enrolled in this study investigating
vemurafenib (selective BRAF-kinase inhibitor); three patients were
dosed at 720 mg twice daily (bd) and three at 960 mg bd. No doselimiting toxicities were observed. However, this study was terminated
due to slow recruitment.
Combination immunotherapy, combination targeted therapies or chemotherapies used as standard-of-care options in adults have not been prospectively evaluated in children.
By extrapolation of the experience in the adult population, palliative
radiotherapy to symptomatic sites of disease or to control of brain metastasis may be useful.

Summary
Overall, juvenile melanoma is an uncommon malignancy. However, due
to the atypical presentation compared with traditional features of melanoma, a high index of suspicion is needed on assessment of possible
malignant lesions. Together with the range of histopathological subtypes
and variable natural histories, accurate diagnosis is key to management
of this disease. Evidence to guide management specific to the paediatric population is sparse. With the recent advances in management of
adult melanoma, there is an obvious clinical need for further research to
improve the outcomes of this disease in the juvenile population.
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Compared with cancer in elderly patients, most cancers in
adolescents and young adults (AYAs) are rare. Nevertheless, among
these, a group of very rare tumours exist, which is characterised by
several common aspects
Rare tumours may be defined simply by their extremely low
incidence rate (using thresholds such as <15/100 000, <6/100 000
or <0.2/100 000 patients per year, depending on working group)
The definition of rare tumours may consider the inclusion of only
defined histological subgroups (e.g. epithelial tumours not otherwise
specified) and the criterion that clinical trials and registries for these
specific entities are lacking, defining them as ‘orphan diseases’
Classical paediatric tumours may present as a rare entity in young
adults, or classical tumours of the elderly may rarely occur in
adolescents. Additionally, there is growing evidence that these
tumours may be biologically different when they occur in AYAs,
which poses major challenges for diagnosis and therapy


Among AYAs, rare tumours altogether account for approximately 15% of
all malignancies. AYAs may either present with paediatric cancer types
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(e.g. medulloblastoma of the brain or neuroblastoma) or with ‘adult type’
tumours (e.g. lung carcinoma, bladder carcinoma). Incidence rates and
the spectrum of malignant diseases change critically with age. Therefore, a tumour that is rare in children and adolescents might be common
in 30-year-olds, and vice versa (Figures 1 and 2). The spectrum of rare
entities is wide and it would be outside the scope of this chapter to give
a comprehensive overview.
Figure 1 Absolute numbers of malignancies within the age groups 15-19 years,
20-24 years and 25-29 years reported to the SEER database between 1973 and
2004 by histology. Total numbers of registered cases with malignant disease within
the different age groups were 15 960, 26 087 and 43 968, respectively.
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Figure 2 Absolute numbers of selected rare entities within the age groups 15-19 years,
20-24 years and 25-29 years reported to the SEER database between 1973 and
2004 by histology. Total numbers of registered cases with malignant disease within
the different age groups were 15 960, 26 087 and 43 968, respectively.
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Abbreviation: SEER, Surveillance, Epidemiology, and End Results.

Currently, the aetiology and risk factors of cancers in AYAs are not well
understood. With older age, environmental factors such as smoking or
alcohol play an increasing role in carcinogenesis. In contrast, congenital
factors play a more important role the younger the patient is. We assume
that in AYAs, tumour development may be a result of a combination of
genetic predisposition, immunological factors and early exposure to environmental factors promoting cancer, which might be different from the
typical carcinogens of adulthood. Not only does the short latency from
exposure to diagnosis remain unexplained, but there are also several hints
that the biology and clinical characteristics of adult-type tumours in AYAs
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are not the same as later in life. Hence, even if the treatment strategies for
AYAs with rare tumours are guided by adult guidelines, experts in the field
should be involved when treating patients. For many rare tumours, detailed
recommendations can be requested from the consultation board of the
European Cooperative Study Group for Pediatric Rare Tumors ([EXPeRT]
www.raretumors-children.eu/ [date last accessed, 7 August 2022]), which
is open for both children and young adults, without age limitation.

Salivary Gland Carcinomas
While in adults, carcinomas of the head and neck mainly arise in the epithelial layer of the mouth and throat, in AYAs the salivary gland, undifferentiated and squamous cell carcinoma of the tongue, nasopharynx,
gum and nose/nasal cavity are common sites. The human papillomavirus
(HPV) and Epstein-Barr virus (EBV) as well as smoking play a role
in the aetiology of head and neck cancers. Lately, incidence has been
increasing in female AYAs.
Differential diagnosis of salivary gland enlargement includes both inflammatory and neoplastic lesions. The latter may develop from lymphatic
or mesenchymal tissue (lymphoma, sarcoma) or from the salivary gland
itself. The World Health Organization (WHO) classification defines 24
subtypes of salivary gland carcinoma (SGC). Tumours may arise in any
gland including the small salivary glands. While the overall tumour incidence correlates with the size of the gland, the relative proportion of
malignant tumours is higher in small glands. Tumours may present as
painless, visible and palpable masses and in the parotid gland frequently
cause facial palsy. In AYAs, adenomas predominate, mostly pleomorphic
adenomas. The most frequent carcinomas are mucoepidermoid, and acinic
cell carcinoma. Both are considered tumours of low malignant potential,
which rarely show distant metastases. However, they may show infiltrative growth and thus give rise to locoregional relapses if resection margins
are not clear. In addition, metastases into the regional lymph nodes may
develop, in particular in poorly differentiated carcinomas.
Adenomas and most low-grade carcinomas are cured with partial or
total parotidectomy. As tumours often develop in the superficial lobe of
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the parotid, facial nerve preparation and monitoring during surgery are
crucial. Neck dissection should be performed when lymph node metastases are detectable, or in high-grade primary tumours. The role of irradiation remains controversial and, considering the overall good prognosis of
these tumours and risk of late adverse radiation effects in young patients,
should be reserved to high-grade tumours or relapse situations. The therapy of classical adenocarcinoma follows the guidelines for older adult
patients, combining resection with postoperative radiotherapy.

Rare Gonadal Tumours
Gonadal tumours include a broad variety of clinically, histologically
and biologically different entities. In young men, testicular germ cell
tumours (GCTs) constitute the most frequent solid cancer (see Chapter
10). Other tumour types such as sex cord-stromal tumours (SCSTs) are
exceptionally rare. The latter are cured with high inguinal orchiectomy
and – with very few exceptions – do not require adjuvant therapy. Pathological features are rather variable predictors of tumour behaviour, so
structured monitoring is often used after resection. Recently described
genomic associations can be clinically relevant.
Ovarian tumours may develop from all histological components of the
ovary. In addition, ovarian tumours may represent metastatic spread from
other abdominal tumours such as gastric adenocarcinoma. Besides GCTs,
SCSTs, ovarian small cell carcinoma hypercalcaemic type (OSCC-HT) as
well as epithelial tumours such as cystadenomas, borderline tumours and
adenocarcinomas (classical ovarian cancer) may occur.
Ovarian tumours are commonly detected as large tumours, which may
have led to a visible and palpable swelling of the abdomen, or fatigue. In
some patients, ovarian torsion or tumour rupture may result in severe acute
abdominal pain and require emergency laparotomy. Radiological staging
includes abdominal ultrasound and magnetic resonance imaging (MRI).
SCSTs may be associated with hormone secretion, which in addition
to inhibin may serve as a serological tumour marker. In young women,
tumours may lead to primary or secondary amenorrhoea and unspecific
signs of virilisation. In some Sertoli-Leydig cell tumours (SLCTs),

160

Brecht and Schneider

alpha-foetoprotein (αFP) secretion has been reported. Histologically,
most of these tumours present with retiform differentiation and heterologous elements.
SCSTs may develop in association with several defined hereditary disorders including multiple enchondromatosis (Ollier disease), in juvenile
granulosa cell tumours and Peutz-Jeghers syndrome in sex cord tumours
with annular tubules. The discovery of DICER-1 mutations in SLCTs
has put these patients in the context of a tumour predisposition syndrome
with a broad and variable phenotype, including pleuropulmonary blastoma, thyroid cancer and others. OSCC-HT may also develop bilaterally
and run within families. This can be explained by the recently discovered
association with SMARCA4 mutations.
The staging system of the WHO and the International Federation of
Gynecology and Obstetrics (FIGO) can be applied, as in GCTs.
All ovarian tumours require surgical resection. Tumours should not be
punctured or resected in separate pieces in order to facilitate removal,
because this may be associated with an increased requirement for toxic
adjuvant therapy, and risk of relapse. For the same reasons, organ-sparing
surgery (e.g. enucleation of a cystic tumour) should be reserved only for
rare patients with bilateral tumours or proven benign tumours. Tumour
resection may be restricted to oophorectomy if surgical staging indicates
a stage I tumour. Only in stage II or III tumours is unilateral adenectomy
indicated. Hysterectomy should be avoided in women of child-bearing
age. Surgical staging can be limited to resection of suspicious lymph
nodes. In non-metastatic tumours, omentectomy and appendectomy
are also not required for oncological reasons, but in specific situations
(e.g. adhesions) may be performed on the basis of individual decisionmaking by the surgeon.
Experience regarding adjuvant chemotherapy in these rare tumours is very
limited and awaits further prospective evaluation. The overall prognosis
of SCSTs is favourable and cure rates exceed 80%. Patients with stage I
tumours are followed expectantly. All patients with stage IC tumours and
malignant ascites or preoperative tumour rupture should be selected for
chemotherapy (e.g. cisplatin, etoposide, ifosfamide; four cycles), since
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the outcome of this specific group is otherwise poor. In addition, SLCTs
should be treated more aggressively than other SCSTs, because they may
relapse even after only minor tumour spread during surgery.
Considering the extremely aggressive natural course of OSCC-HT,
regardless of stage, all patients require multi-agent chemotherapy
(e.g. cisplatin, ifosfamide and doxorubicin) during first-line treatment.
High-dose chemotherapy can be used to consolidate the therapeutic
success.
Treatment of other epithelial tumours such as cystadenoma and adenocarcinomas follows corresponding guidelines in adults, although additional
biological aspects should be considered, such as familial predisposition.
Indication for adjuvant chemotherapy is based on stage and histological
differentiation. Well-differentiated stage IA tumours are followed expectantly. In stage IA and poor differentiation (grade 3) and in stage IC or
higher, six cycles of carboplatin and paclitaxel are recommended.

Liver Tumours
Primary liver tumours are similarly rare in children as well as in AYAs
(~1% of all malignancies). While hepatoblastoma constitutes the most
frequent liver malignancy in children, the fibrolamellar variant of hepatocellular carcinoma (HCC) accounts for most liver tumours in AYAs
(~80% of all liver tumours). Other malignant primary liver tumours
are sarcomas such as leiomyosarcoma, angiosarcoma, liposarcoma and
rhabdomyosarcoma (see also Chapter 8). Very rarely, rhabdoid tumours
and GCTs are seen. High αFP levels should lead to examination of the
gonads, due to the greater treatment sensitivity of GCTs.
Hepatoblastomas are exceptionally rare in AYAs. They arise from
embryonal hepatocytes and present as large, unifocal and well-perfused
tumours. Metastases are seen late and 90% of the tumours produce αFP.
In AYAs, recently transitional liver cell tumours with intermediate cells
between hepatoblasts and mature hepatocytes have been described.
The aetiology of other liver tumours in AYAs is still largely unclear.
While in adults most cases of HCC develop in the context of viral or
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autoimmune hepatitis (AIH)-related cirrhosis, these disorders are rarely
found as predisposing conditions in AYAs. Familial intrahepatic cholestasis, Alagille syndrome, hereditary tyrosinaemia and glycogen storage
disease are rare genetic diseases with liver damage that may predispose
for HCC. Patients with Fanconi’s anaemia who receive treatment with
androgenic steroids may also develop HCC. In some areas of Asia and
Africa, endemic viral hepatitis (e.g. hepatitis B virus [HBV] and hepatitis
C virus [HCV]) is a common risk factor for HCC. In some HCCs, TP53
mutations can be detected. These tumours often show an aggressive multifocal growth pattern, invasion of blood vessels and early metastases,
especially in the lung and bones. Most HCCs produce αFP, which may
serve as a tumour marker in patients at risk of developing HCC or in
patients with manifestation of HCC. A sub-entity of HCC, fibrolamellar
carcinoma (FLC), presents in AYAs without liver cirrhosis. It is slow
growing, does not produce αFP and may be resistant to chemotherapy.
In some patients, symptoms may be masked by underlying liver disease.
In this case, HCC is often diagnosed during routine examination or indicated by a rise in αFP. Otherwise, patients mainly present with a large
painless tumour of the right upper abdomen in good general condition. In
higher tumour stages, abdominal pain, vomiting, weight loss, anaemia,
ascites, icterus, breathlessness, liver insufficiency and/or tumour rupture
may be seen. Diagnostics include lab work with tumour markers (αFP,
beta-human chorionic gonadotropin [b-hCG], carcinoembryonic antigen
[CEA], lactate dehydrogenase [LDH]) and virology. Ultrasound is primarily used for imaging. Staging also includes chest computed tomography (CT), cerebral MRI and bone scan in HCC. A biopsy is required
for histological diagnosis. The TNM (tumour, node, metastasis) staging
system of the American Joint Committee on Cancer (AJCC) and for children the pre-treatment extent of tumor (PRETEXT) of the International
Childhood Liver Tumour Strategy Group (SIOPEL) are used for staging.
Hepatoblastoma is primarily treated with chemotherapy using a combination of cisplatin and doxorubicin (PLADO) or cisplatin, 5-flourouracil and vincristine in patients with low-risk disease. However, complete resection after neoadjuvant chemotherapy plays an important role.
Though HCC and hepatoblastoma are biologically different, similar
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treatment strategies are adopted in children. HCC in AYAs shows a 40%
response rate, compared with 10%-20% in adults. Thus, the complete
resection of any viable tumour is a prerequisite for cure. In adults, the
only curative therapy is tumour resection or liver transplantation, the latter being ideal in cases of underlying liver disease, which often causes
considerable comorbidity. In case of liver transplantation, rapamycin
should be used for immunosuppression as an additional anti-tumour
effect has been described. Hepatoblastomas show a 3-year overall survival (OS) of 94% in case of standard risk and of 50% in case of high
risk. For HCCs the prognosis is worse, especially in adults. In resectable
tumours, an OS of 50%-80% is reported, but survival rates drop to 20%
in case of primarily unresectable or metastatic tumours.

Pancreatic Tumours
Primary malignant pancreatic tumours in AYAs are extremely rare. Ewing
sarcoma of the retroperitoneum is sometimes mistaken for a primary pancreatic tumour in AYA. Brecht et al identified 228 patients aged <30 years
with primary pancreatic malignancy in the United States Surveillance,
Epidemiology, and End Results (SEER) database, resulting in an incidence of 0.46/1 000 000. The histological spectrum of pancreatic tumours
varies with age. Pancreatoblastomas account for 25% of paediatric cases,
but their occurrence is extremely rare in AYAs. They may be associated
with Cushing syndrome and Beckwith-Wiedemann syndrome. Solid pseudopapillary neoplasms (SPNs) are typical entities of young women. They
are of low malignant potential and show slow growth.
While ductal adenocarcinoma is the most frequent malignant pancreatic
tumour in adults, it is extremely rare in AYAs. In all age groups, it is
associated with adverse outcome, exhibiting a 15-year survival rate of
23%. Acinar cell carcinomas (ACCs) arise from the exocrine acinar cells
secreting pancreatic enzymes. They grow less aggressively in adolescents than in adults.
Pancreatic endocrine tumours, also called islet cell tumours, derive from
any cell type of the islets. Benign (adenomas) or malignant (carcinomas)
tumours are distinguished based on histology and clinical presentation.
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They account for 1%-2% of all pancreatic neoplasms in all age groups.
Insulinomas and gastrinomas may rarely arise sporadically. However, in
most AYA cases, they are associated with multiple endocrine neoplasia
type 1 (MEN 1). Up to the fourth decade, gastrinomas develop in about
40% and insulinomas in 10% of all MEN 1 carriers. The majority of
insulinomas are benign. In contrast, only 40% of gastrinomas and 20%30% of glucagonomas are benign, although metastases may occur late.
Patients with tumours of the pancreas often present with advanced stage
with a palpable tumour mass, abdominal pain and general symptoms
such as weight loss and fatigue. If the tumour arises from the pancreatic
head, mechanical obstruction of the duodenum, jaundice or gastrointestinal bleeding can occur. Active endocrine tumours can lead to specific
symptoms according to the hormones produced; for example, symptoms
of hypoglycaemia in insulinoma or diarrhoea and gastric ulcers in gastrinoma. Staging often starts with an ultrasound examination of the abdomen. Especially in the case of a suspected pancreatoblastoma, a CT or
MRI examination of the abdomen as well as a bone scintigraphy should
be performed.
Pancreatoblastoma may typically be associated with αFP secretion. A
preoperative endoscopic retrograde or magnetic resonance cholangiopancreatography (ERCP or MRCP) examination is performed in case of
dilatation of the bile duct or pancreatic duct. Before a therapeutic decision is made, a tumour biopsy is necessary in most patients.
Complete tumour resection is the cornerstone of treatment, as most
tumours show no or only limited sensitivity to radio- or chemotherapy.
Only pancreatoblastoma, which behaves similarly to hepatoblastoma,
may be chemosensitive to the PLADO combination. Thus, pancreatoblastoma shows a favourable prognosis with event-free survival of 59%
and an OS of 79%.
SPNs show an excellent prognosis with resection only, in case of localised
disease: 95% OS. However, incomplete resection is associated with local
recurrence in 73% of cases. Therapy with ifosfamide, cisplatin and etoposide may be successful in recurrent or extremely rare metastatic tumours.
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In case of insulinoma, the risk of severe hypoglycaemia necessitates
the administration of high-dose intravenous glucose and subcutaneous
glucagon and octreotide. In case of gastrinoma causing hypergastrinaemia and gastric acid secretion, conservative therapy to alleviate symptoms consists of oral proton-pump inhibitors (PPIs). The best long-term
survival has been seen in cases of complete surgical resection, absence of
liver metastases, or aggressive treatment of them, if present.
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This chapter describes the common medical emergencies seen in
young people with cancer, including febrile neutropenia, tumour lysis
syndrome, other metabolic disturbances, intracranial hypertension,
spinal cord compression, superior mediastinal syndrome, bleeding
disorders and psychiatric disturbances
The chapter discusses the possible clinical presentations of young
people with these emergencies, taking into account the association
of certain emergencies with particular tumours types, for example
the increased risk of intracranial hypertension, spinal cord
compression and psychiatric disturbances in adolescents and young
adults (AYAs) with central nervous system (CNS) tumours
The chapter provides general guidelines for the management of
medical emergencies in young people with cancer, focusing on key
strategies to reduce morbidity and mortality
The ESMO Handbook of Oncological Emergencies covers many of
the emergencies included in this chapter and should be considered
a key reference text for those involved in the management of
oncological emergencies in AYAs


Medical emergencies in AYAs need to be managed quickly and appropriately before, or alongside, the treatment of the cancer itself to reduce
morbidity and mortality. Many of these life-threatening emergencies
can be predicted or expected based upon the malignancy present and/
or the treatment involved. All are also seen in both children and older
adults, though their frequency may vary dependent on the frequency of
the predisposing malignancies. For example, superior vena cava (SVC)
obstruction is seen relatively commonly in AYAs, where leukaemia and
lymphoma are a more prevalent diagnosis than in older age groups. Furthermore, AYAs frequently experience longer time to diagnosis compared with other age groups, due to various factors, and may therefore be
more likely to present with emergencies in the early diagnostic period.
In the UK, around 25% of cancer diagnoses in AYA patients are made
through presentations to the Emergency Department.
As in much of AYA care, research into the specifics of managing oncological emergencies in this age group has lagged behind that of paediatric and older adult cancers. Therefore, much of the information available
is based on extrapolation from these two groups. Further research is very
much needed to help to improve outcomes for AYA patients.
The ESMO Handbook of Oncological Emergencies covers many of the
emergencies included in this chapter and should be considered a key
reference text for those involved in the management of oncological
emergencies in AYAs.

Febrile Neutropenia
The definition of febrile neutropenia varies by country and often by
institution and is an area for further research. The European Society
for Medical Oncology (ESMO) Clinical Practice Guidelines definition
of febrile neutropenia is of an oral temperature of >38.3°C or two consecutive readings of >38.0°C for 2 hours and an absolute neutrophil
count (ANC) of <0.5 × 109/L, or expected to fall below 0.5 × 109/L. It is
often presumed to indicate infection, though other causes are possible.
In AYAs with cancer, febrile neutropenia with associated septic shock is
the most common life-threatening medical emergency. The risk of septic
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complications of febrile neutropenia depends on both the underlying
malignancy (with haematological malignancies posing higher risk) and
its treatment, with those causing more prolonged or profound neutropenia being of higher risk. Various risk stratification tools have helped to
identify those at high risk in both paediatric and older adult populations,
though their usefulness is limited in the AYA group.
Assessment of an AYA presenting with febrile neutropenia involves
recognising signs of septic shock, ascertaining possible sources of infection, including indwelling devices (central venous lines, feeding tubes or
intracranial shunts), and obtaining material for cultures of likely sources,
including blood.
Management should focus on the early administration of empirical antibiotics dependent on the hospital- and patient-specific antibiotic susceptibility profile. Other key management points for those at high risk
include fluid resuscitation, inotropic support of blood pressure, monitoring for, and treatment of, end-organ compromise, removal of infected
devices and responsiveness to microbiological data obtained from every
episode. Consideration of potential viral, fungal and other atypical infections is also essential with various treatment guidelines available. AYAs
at low risk of septic complications may be considered for reduced therapy including outpatient treatment and oral antibiotics, dependent upon
appropriate local services and guidelines.

Tumour Lysis Syndrome
Tumour lysis syndrome (TLS) occurs when increased malignant cell
degradation products are presented to the kidney, resulting in various
metabolic disturbances and subsequent renal impairment. Risk factors
for TLS are malignancies with high cell turnover, large tumour bulk and
those which are highly sensitive to chemotherapy. In AYA patients, this
is most often the case in acute leukaemias and non-Hodgkin lymphomas,
particularly if there have been delays in diagnosis, and rarely in solid
tumours. TLS may be present at presentation or develop as treatment
commences – often in the early phases (12 to 72 hours from the initiation
of therapy). Where it is not present at diagnosis, preventative measures can
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be taken, including hyperhydration with potassium-free fluids prior to
chemotherapy and the use of xanthine oxidase inhibitors, such as allopurinol, or urate oxidases, such as rasburicase.
The initial biochemical abnormalities in TLS include the classic triad of
hyperuricaemia, hyperphosphataemia and hyperkalaemia. Regular monitoring for these is essential. Management once they are present involves
further hydration and treatment of each electrolyte abnormality, as in
other medical conditions. As TLS progresses, significant renal impairment can ensue. Renal replacement therapies, with either haemodialysis
or haemofiltration, may be necessary.

Other Metabolic Disturbances
Hypercalcaemia is seen more often in AYAs with cancer than in children, but less than in older adults. The main cause of hypercalcaemia is
from bony tumours with osteolytic release of calcium. This can occur
from any tumour in the bone but is most commonly seen in those with
advanced metastatic disease: for example, PAX-FOXO1-positive alveolar rhabdomyosarcoma. These malignancies are more common in teenagers than paediatric patients, and the known diagnostic delays in AYA
patients mean that this complication occurs more frequently. Patients are
often symptomatic, with pain, fatigue, constipation and anorexia. Renal
impairment, hypertension and psychiatric disturbances can also be seen.
Management is with hyperhydration, calcitonin, bisphosphonates and
denosumab, as necessary. Some patients may also require renal replacement therapy (haemodialysis). Ultimately, the main treatment is the
management of the underlying malignancy. Hypercalcaemia of malignancy carries a poor prognosis in older adults. There is little research
to confirm that this is the case in AYA patients but there is also no clear
reason that it should not be. It may therefore be appropriate to involve
palliative and supportive care services early in AYAs presenting with this
medical emergency.
Hyperglycaemia is another common metabolic disturbance seen in AYA
patients with malignancy, often secondary to the corticosteroids used in
the management of many of the common conditions in this age group,
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including acute leukaemias, lymphomas, intracranial tumours and bony
tumours. Management of hyperglycaemia involves the judicious use of
insulin, working with the multidisciplinary diabetic team, to achieve
normoglycaemic control. Dietary modifications to reduce carbohydrate
intake are rarely indicated due to the poor nutritional status of many
AYAs with malignancy. Hyperglycaemia usually resolves with cessation
of corticosteroid therapy.

Intracranial Hypertension
Intracranial tumours account for around 14% of cancer diagnoses in AYA
patients. Increased intracranial pressure (ICP) may be present at diagnosis as a result of the tumour itself, haemorrhage relating to the tumour or
obstruction of cerebrospinal fluid (CSF) flow. Brain metastases are relatively uncommon compared with older adults. Signs and symptoms of
elevated ICP vary with age and the acuity of onset. However, headache,
vomiting, hypertension, bradycardia, visual disturbances, seizures, false
localising signs and changes in consciousness are all possible symptoms.
Seizures and outright status epilepticus, sometimes with more subtle seizure presentation such as aphasia, may also be direct manifestations of
intracranial disease, such as CNS lymphoma. Cross-sectional cranial
imaging is required. Emergency computed tomography (CT) scan is the
most commonly available and accessible. Discussion with radiology can
direct subsequent scans, or occasionally replace emergency CT with an
emergency magnetic resonance imaging (MRI) investigation.
Emergency management involves treatment of the raised ICP, considering also endotracheal intubation to achieve mild hyperventilation with
control of PaCO2, positioning, blood pressure management and urinary
catheterisation. Dexamethasone is often the first choice of medication
for raised ICP secondary to space-occupying lesions, though mannitol
and/or hypertonic saline may also play a role in a critical care setting.
Acute management of the tumour (with surgery, radiotherapy or chemotherapy, dependent on the tumour type) may provide definitive management of raised ICP. CSF diversion using an intraventricular device

172

Morgan and Phillips

(e.g. extraventricular drain [EVD] or ventriculoperitoneal [VP] shunt) or
third ventriculostomy may also be necessary prior to, or alongside, the
definitive management of the tumour. The choice of therapeutic options
requires the input of an experienced multidisciplinary team.

Spinal Cord Compression
Spinal cord compression can occur at diagnosis or develop during the
course of an AYA patient’s cancer treatment. It can be a result of various malignancies, with the most common causes in this age group being
dropped metastases from primary CNS tumours, lymphomas, bone
tumours and soft tissue tumours. Depending on the proliferation rate of
the tumour, spinal cord compression can develop very acutely or more
chronically. Symptoms vary from pain and paraesthesia only, to muscle
weakness, paralysis and loss of autonomic functions, including urinary
and faecal incontinence or retention. Prognosis depends on the neurological condition of the patient at presentation, and on how quickly the
pressure on the spinal cord is removed.
The key to diagnosing spinal cord compression is having a high level
of suspicion for its presence. The investigation of choice is MRI, which
should be performed urgently if the diagnosis is suspected. This may
require transfer of the patient to another centre. On confirmation of
spinal cord compression, a multidisciplinary discussion is essential to
debate the most appropriate management option for the patient. Depending on the tumour type involved, the duration of the symptoms and the
health status of the patient, the options include chemotherapy for chemosensitive tumours (such as lymphoma), radiotherapy (also for sensitive
radio-responsive tumours) or surgery (for those likely to have a slow
response to either chemotherapy or radiotherapy or need decompression
immediately.) Almost all patients are likely to benefit from high-dose
dexamethasone, while more definitive treatment modalities are being
prepared, and close attention to the compressed area. Bladder and bowel
health should be maintained if function is compromised.
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Superior Mediastinal Syndrome
Superior mediastinal syndrome in AYAs is most commonly due to external compression of the SVC and/or large airways by lymphomas or other
thoracic solid tumours, though it can also occur due to thrombosis, particularly secondary to indwelling devices. It presents as in other age groups
with symptoms of venous congestion. The most important symptoms to
look for are those of cerebral oedema or of respiratory compromise.
Diagnosis is best confirmed using cross-sectional imaging (CT scan),
in the prone position if the supine position aggravates the respiratory
distress. It is imperative that the diagnosis is made by the least invasive
procedure possible, as respiratory and cardiovascular problems may
occur with sedation or general anaesthesia.
In most AYA patients, SVC obstruction is due to lymphoma, which is
sensitive to chemotherapy or radiotherapy, so the most appropriate management is often to commence treatment of the cancer as soon as possible.
In those with other tumours and significant symptoms, endovascular stenting is another option with good symptomatic outcomes. Where thrombus
is the cause of the obstruction, anticoagulation is the treatment of choice.
The use of thrombolysis is uncertain, but sometimes may be indicated.

Compartment Syndrome
Compartment syndrome is a very rare oncological emergency, but it
comes with the risk of significant morbidity including limb loss. It occurs
as a result of mass effect within a fixed fascial compartment compromising the neurovascular supply of the tissues within, and distal to, the compartment. In the AYA population, acute compartment syndrome is most
commonly seen in patients with soft tissue sarcomas (of which alveolar
rhabdomyosarcoma is the most common) or extramedullary lymphomas.
Acute bleeding within tumours can be the precipitating factor or can
further exacerbate the compartment syndrome. Patients’ main symptoms
are often paraesthesia, pain or weakness.
The diagnosis is confirmed by measuring pressures within the compartment compared with the patient’s blood pressure. It is important to

174

Morgan and Phillips

exclude venous thrombosis as a common differential diagnosis.
The management of compartment syndrome is dependent on the acuity
of symptoms. As with spinal cord compression, the prognosis depends on
the level of function at the point of intervention and the speed at which
decompression management is performed. Multidisciplinary team input
is necessary in planning the management of acute compartment syndrome. Fasciotomies may be necessary, especially in tumours that are not
chemosensitive. Skin closure following fasciotomies can be challenging,
as skin flaps and grafts may be compromised by the effects of ongoing
chemotherapy and radiotherapy on healing. Expert input is advised.

Bleeding Disorders
Bleeding disorders in AYAs with cancer are most often due to one of
the three following problems. First, and the most common, is thrombocytopenia. This can be present at diagnosis, particularly in patients with
leukaemia and those with metastatic solid tumours. It can also occur
secondary to either chemotherapy or radiotherapy. Management is with
leukocyte-depleted platelet transfusions.
The second bleeding disorder is the acquired von Willebrand disease
(vWD), which can be seen in haematological malignancies as well as in
some AYA patients with late-onset nephroblastoma. Diagnosis is made
after measuring the amount of von Willebrand factor (vWF) and other
factor levels. Management is with desmopressin or factor replacement
in the unstable patient. Patients who do not respond to treatment with
desmopressin or who have more severe bleeding episodes may require
treatment with concentrated forms of vWF and factor VIII.
The third bleeding disorder is disseminated intravascular coagulation
(DIC). This is seen in acute promyelocytic leukaemia (APL), the incidence of which is elevated in the AYA age group. DIC can be the presenting feature of a diagnosis of APL. Treatment is based on the correction
of the coagulopathy by providing platelets, fresh frozen plasma, cryoprecipitate or fibrinogen and transfusions as required, followed by appropriate management of the malignancy to prevent recurrence of the DIC.
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For all bleeding disorders, in the emergency situation, it is essential to
consider local measures to control bleeding (pressure, nasal package,
etc.) and standard ABC (airway, breathing, circulation) management,
including fluid resuscitation and inotropic support as necessary.

Psychiatric Disturbances
Psychiatric disturbances and disorders including behavioural changes,
mood disorders and psychosis can all occur in AYAs with cancer, being
more prevalent in those with CNS tumours, lymphomas and hormoneproducing tumours such as phaeochromocytomas (in which catecholamine release can induce anxiety). Indeed, psychiatric presentations can
be the initial complaint of these cancers and lead to extended time periods before diagnosis. In girls presenting with psychiatric disturbances as
well as seizures, it is important to consider ovarian tumours as a cause of
anti-NMDA receptor encephalitis.
Management of psychiatric disorders should focus on managing both the
malignancy and the symptoms and should involve a multidisciplinary
team approach, as most AYA oncologists are not experts in psychiatric
management. It is important to consider non-pharmacological approaches
including psychological therapies, before and/or alongside pharmacological management.
Declaration of Interest:
Dr Morgan has reported no potential conflicts of interest.
Dr Phillips has reported no potential conflicts of interest.

Further Reading
Al-Qurainy R, Collis E. Metastatic spinal cord compression: diagnosis and management. BMJ 2016; 353:i2539.
Herbert A, Lyratzopoulos G, Whelan J, et al. Diagnostic timeliness in adolescents
and young adults with cancer: a cross-sectional analysis of the BRIGHTLIGHT cohort. Lancet Child Adolesc Health 2018; 2:180–190.
Howard SC, Jones DP, Pui CH. The tumor lysis syndrome. N Engl J Med 2011;
364:1844–1854.

176

Morgan and Phillips

Mirrakhimov AE. Hypercalcemia of malignancy: an update on pathogenesis and
management. N Am J Med Sci 2015; 7:483-493.
Phillips RS, Bhuller K, Sung L, et al. Risk stratification in febrile neutropenic
episodes in adolescent/young adult patients with cancer. Eur J Cancer 2016;
64:101–106.
Provencio Pulla M. ESMO Handbook of Oncological Emergencies. ViganelloLugano: ESMO Press, 2016.
Rangel-Castillo L, Gopinath S, Robertson CS. Management of intracranial
hypertension. Neurol Clin 2008; 26:521–541.
Routes to diagnosis [Internet]. Available from: http://www.ncin.org.uk/publications/routes_to_diagnosis (date last accessed, 7 August 2022).
Teenagers’ and young adults’ cancers incidence statistics [Internet]. Cancer
Research UK. 2015. Available from: https://www.cancerresearchuk.org/
health-professional/cancer-statistics/young-people-cancers/incidence (date last
accessed, 7 August 2022).

Usual Medical Emergencies in Adolescents and Young Adults with Cancer

177

Short- and Long-term Toxicities
of Treatment in Survivors
of Adolescent and Young
Adult Cancer

16

K. Rugbjerg
Danish Cancer Society Research Center, Copenhagen, Denmark

Overview
Toxicities of cancer treatments
Toxicities in survivors of common adolescent and young adult
(AYA) cancers
Selected toxicities in AYA cancer survivors
Prevention of late effects and follow-up

n



n



n
n

The AYA age range is increasingly accepted to be 15-39 years of age.
The youngest and oldest persons in this age range are likely to be very
different physiologically; however, they all fall into the gap between
paediatric and adult oncology. Across the AYA age range, the pattern of
cancer types changes markedly and, consequently, treatment and treatment-related side effects change. Survivors of cervical cancer, testicular
cancer, breast cancer and malignant melanoma diagnosed at 30-39 years
of age make up a large part (41%) of the total population of survivors of
AYA cancer.
The biology of cancer in AYAs is different from that of cancer in children and older adults; thus, the effect of treatment, and the toxicities
that may arise, differ between AYA cancer survivors and patients who
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were younger or older at cancer diagnosis. Compared with patients diagnosed with cancer at an older age, AYA patients tolerate a more intensive
treatment due to no or fewer comorbidities. Tolerating an intensive treatment is especially important for patients with specific types of cancer for
which an intensive treatment is important for the chance of survival. The
fact that AYA cancer survivors have a long life ahead of them, in which
they are at increased risk for late effects of their treatment, underlines the
importance of knowledge on late effects, leading to better possibilities of
prevention or minimisation of late effects. Ultimately, this will lead to
improved quality of life in this unique group of cancer survivors.
Literature on late effects in survivors of AYA cancer is still inadequate,
therefore results from survivors diagnosed in childhood or adulthood are
often extrapolated. However, increased attention on late effects in survivors of AYA cancer has resulted in several studies focusing on this
group. These studies have shown an increased risk for diseases of all
organ systems. The risk of developing diseases as a consequence of cancer treatment is not only highly dependent on the specific treatment but
also on the characteristics of the survivors, e.g. genetic predisposition
and lifestyle (diet, alcohol consumption, smoking, physical activity) are
important determinants.

Toxicities of Cancer Treatments
Surgery
For AYA patients with breast cancer, thyroid cancer, melanoma or sarcoma, surgery is an important part of the treatment. The complications
that may arise after surgery are highly dependent on the type of cancer,
the surgical technique and the extent of the tissue affected. In general,
patients who are primarily treated with surgery have a lower risk of
diseases later in life than patients exposed to the toxicities of chemotherapy and radiotherapy. Patients treated with surgery before they have
reached their full body size may experience more complications than
patients diagnosed at older ages. Cancer-related fatigue is prevalent both
before and after surgery; further, for some patients the anaesthesia may
cause fatigue in the period following surgery. Surgery, but also chemoand radiotherapy, can alter the physical appearance of the body and the
Short- and Long-term Toxicities of Treatment in Survivors of Adolescent
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Table 1 Potential Toxicities of Cancer Treatments
Potential toxicities of treatment
Type of treatment

Short-term

Intermediate

Surgery

Infertility
Infections

Chemotherapy

Pain
Premature
Fatigue
ovarian failure
Mucositis
Nausea
Infection
Myelosuppression
High-frequency
hearing loss
Amenorrhoea

Second cancer

Fatigue
Mild skin reactions
Mucositis
Nausea
Intestinal
discomfort
Infertility

Second cancer in radiation field

Radiotherapy

Lymphoedema

Long-term
(beyond 5 years after treatment)

Premature
ovarian failure

Endocrine dysfunction
Infertility

Endocrine dysfunction
Cardiovascular diseases
Infertility
Low bone mineral density (osteopaenia
and osteoporosis)
Avascular necrosis
Renal damage
Neurocognitive deficits
Peripheral and central neuropathy
Hearing loss

Endocrine dysfunction
Intestinal fibrosis Cardiovascular diseases
Enteritis
Infertility
Low bone mineral density (osteopaenia
and osteoporosis)
Avascular necrosis
Renal damage
Intestinal fibrosis
Enteritis
Neurocognitive deficits (radiation to brain)

Bone-marrow transplantation Toxicities as
For treatment of haematological mentioned for
malignancies
chemotherapy
and radiotherapy

Toxicities as
Toxicities as mentioned for
mentioned for
chemotherapy and radiotherapy
chemotherapy
and radiotherapy Graft-versus-host disease
Chronic immunosuppression

Anti-oestrogen therapy
Hot flashes
For treatment of oestrogen-positive Vaginal dryness
Mood changes
breast cancer
Weight gain

Depression

Cardiovascular diseases

Note:The specific details of treatment such as type of chemotherapy, dosage, type of radiotherapy, number of fractions, combination
of treatments, genetic predisposition and general health condition of the survivor are all essential determinants for the risk for
treatment-related side effects.
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survivors’ body image may be altered as well. Studies have reported a
more negative body image among survivors of adolescent cancer when
compared with healthy controls.
Radiotherapy
Short-term toxicities of radiotherapy may include fatigue, mild skin
reactions, nausea and an upset stomach. Depending on the type of cancer
treated, other complications may occur. AYA cancer survivors treated
with radiotherapy are at increased risk for serious diseases such as second cancer, cardiovascular disease, pulmonary disease and thyroid dysfunction. One example is an increased risk of breast cancer among young
women with Hodgkin lymphoma (HL) treated with radiotherapy to the
chest. Also, radiotherapy may disturb the production of hormones, e.g.
growth hormone, which may cause short stature. One study has suggested that adolescents are more vulnerable to radiation to the spinal
cord than younger and older patients; this might be due to the growth
spurt in adolescents. Patients who receive radiotherapy to the glands or
organs related to fertility may experience impaired fertility or infertility
(see Chapter 17: Fertility and Fertility Preservation).
Chemotherapy
The efficacy of chemotherapy given to AYAs may be influenced by the
physiological processes that secure growth and maturation of the young
body. Similarly, the toxicity of chemotherapy might be affected by these
processes.
Short-term toxicities of chemotherapy may include pain, fatigue, nausea,
vomiting, mucositis, hair loss, infection and myelosuppression. Cancer
patients younger than 50 years experience anticipatory nausea and vomiting more often than older patients; this may be due to the, often, more
intense chemotherapy received by younger patients and poorer emesis
control.
Long-term toxicities of chemotherapy depend on the specific type of
chemotherapy. Patients treated with chemotherapy based on alkylating
agents have an increased risk for infertility; this risk is present for both
men and women. Chemotherapy based on anthracyclines is linked to
Short- and Long-term Toxicities of Treatment in Survivors of Adolescent
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the development of cardiovascular diseases and chemotherapy including neurotoxins can affect central nervous system (CNS) function. Treatment with chemotherapy including bleomycin has been associated with
pulmonary toxicity and high cumulative doses of cisplatin have been
associated with peripheral and central neurotoxicity including loss of
hearing. Treatment with chemotherapy may also affect cognitive functions; a broad term for this condition is ‘chemo brain’. The reduced cognitive function may be due to toxins crossing the blood-brain barrier and
damaging the brain cells.
Haematopoietic Stem Cell Transplantation
Haematopoietic stem cell transplantation (HSCT) can potentially cure
patients with leukaemias and lymphomas. Patients undergoing HSCT
are at risk of graft versus host disease (GvHD) and suppression of the
immune system is necessary to reduce this risk. One study found that
AYA patients have a higher risk of GvHD than younger children. In this
study, the probability of GvHD was less than 14% in children below 5
years of age and 44% in patients who were 15 years or older at transplant. The high-dose chemotherapy and radiotherapy received prior to
the transplant cause a number of short-term toxicities which may include
fatigue, nausea, hair loss and stomach complications. The intense treatment causes a long-term increased risk of secondary cancer, cardiovascular diseases, recurrent infections and endocrine disturbances that may
cause growth failure and reduced fertility.

Toxicities in Survivors of Common AYA Cancers
Cervical Cancer
Cervical cancer is treated by radical surgery or radiotherapy, the latter
in some cases with concurrent cisplatin-based chemotherapy. Choice of
treatment depends on stage at diagnosis and patient characteristics, e.g.
whether the patient wishes to preserve ovarian function. In the Danish
AYA Cancer Cohort, second cancer caused most hospitalisation, partly
due to the high risk for cancer of the urinary tract and cancer of the digestive organs. It is likely that these diseases occur as a result of radiotherapy. Also, survivors of cervical cancer had a high risk of hospitalisation
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for cardiovascular, respiratory and urogenital diseases. In two other studies, survivors of cervical cancer had increased risk for lymphoedema,
atherosclerosis and diabetes.
Testicular Cancer
The majority of testicular cancers among AYAs are germ cell tumours,
which are divided into seminoma or non-seminoma. Depending on type
and stage at diagnosis, patients are treated with orchiectomy alone or
supplemented with chemotherapy. Cisplatin-based chemotherapy or
BEP (bleomycin/etoposide/cisplatin) are the chemotherapies most often
used. Radiotherapy is presently used less frequently for stage II seminoma due to prevalence of late effects, even though efficacy is comparable to chemotherapy.
Long-term follow-up studies have reported increased risk for components of metabolic syndrome in survivors of testicular cancer and
thus increased risk for cardiovascular diseases. Also, survivors are at
increased risk for second cancer, neurotoxicity and ototoxicity, pulmonary complications, hypogonadism and nephrotoxicity, which are all
long-term complications of testicular cancer and its treatment. In two
studies, based on the Danish AYA Cancer Cohort, significantly increased
risks were observed for valvular heart disease, atherosclerosis, testicular
hypofunction and diabetes.
Breast Cancer
Breast cancer in young women is, depending on stage at diagnosis and
receptor status, treated with mastectomy or lumpectomy in combination with anti-oestrogens, radiotherapy and chemotherapy. Late effects
are determined by the treatment received and studies have shown an
increased risk for a number of late effects, particularly second cancers,
cardiovascular, respiratory and bone diseases, and reproductive difficulties. Treatment with anti-oestrogens causes symptoms similar to those
of menopause, e.g. hot flashes, mood changes and weight gain. Lymphoedema is a very common late effect in survivors of breast cancer with a
high risk reported for women aged 15-39 years at diagnosis.
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Hodgkin Lymphoma
Nowadays, HL is treated with a combination of radiotherapy and chemotherapy. The treatment is intensive and long and causes a high risk of
late effects. The risk of relapse is relatively high in HL survivors and
may require stem cell transplantation, causing an even higher burden
of treatment-related toxicities. Survivors of HL are at increased risk for
a wide range of complications; in particular, high risks are reported for
second cancer, especially female breast cancer and cardiovascular diseases. The risk of hospitalisation was investigated in 1768 survivors of
HL included in the Danish AYA Cancer Cohort. Absolute excess risks
were highest for cardiovascular diseases, respiratory diseases and second
cancer. Also, survivors of HL had increased risks for testicular hypofunction, hypothyroidism and diabetes.
Malignant Melanoma
Malignant melanoma is primarily treated by surgery. If the disease is diagnosed at a more advanced stage, treatment with radiotherapy or chemotherapy may be required. In the Danish AYA Cancer Cohort, the group of
malignant melanoma survivors had the lowest risk of hospitalisation; an
increased risk of hospitalisation was observed for lymphoedema.

Selected Late Effects Among AYA Cancer Survivors
Second Cancer
The risk for second cancer, or subsequent cancers, is one of the most
severe late effects of cancer treatment. Also, AYA cancer survivors might
be genetically predisposed to cancer, e.g. women diagnosed with breast
cancer below 40 years of age exhibit a higher genetic susceptibility compared with women diagnosed at an older age.
In a recent study, based on the Surveillance, Epidemiology, and End
Results (SEER) programme, the risk for second cancer in survivors
of selected AYA cancers was found to be significantly increased. The
selected AYA cancers were leukaemia, lymphoma, testicular cancer,
ovarian cancer, malignant melanoma and cancers of the thyroid, breast,
soft tissue or bone. The most common second cancers in this study were
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breast, gastrointestinal and genital cancers and malignant melanomas.
The highest risk for second cancer was found in survivors of HL. For
patients treated with chemotherapy, the risk of second cancer depends on
the treatment regimen and the cumulative doses; for patients treated with
radiotherapy, the risk for second cancer depends on the type of radiotherapy, intensity of treatment and body part treated.
Cardiovascular and Cerebrovascular Diseases
Cardiovascular and cerebrovascular diseases are serious, and potentially
life-threatening, late effects of cancer treatment. Among more than
43 000 cancer survivors in the Danish AYA Cancer Cohort, 25% were
hospitalised for a cardiovascular disease during follow-up (mean follow-up, 15 years); this was 30% more than expected based on hospitalisation in the comparison cohort. Risk estimates for hospitalisation
for cardiovascular disease were significantly increased for all of the ten
most common AYA cancers, with highest risks observed for survivors
of leukaemia, HL and brain cancer. Treatment with anthracycline-based
chemotherapy is strongly associated with cardiotoxicity. Anthracyclines
are used in the treatment of a wide range of cancers.
In the British Teenage and Young Adult Cancer Survivors Study, which
included almost 180 000 survivors of cancer diagnosed at age 15-39 years,
a 40% increased risk for cerebrovascular disease was observed. Highest
risks were observed for survivors of CNS tumours, head and neck tumours
and leukaemia. Furthermore, the study showed significantly higher risk for
cerebrovascular disease in men compared with women.
Respiratory Diseases
Based on literature focusing on childhood cancer survivors, pulmonary
toxicity has been associated with radiotherapy, chemotherapy (in particular alkylating agents and bleomycin), bone-marrow transplantation
and thoracic surgery.
Endocrine Diseases
In a study based on the Danish AYA Cancer Cohort, the risk for endocrine
late effects was evaluated among 32 548 one-year survivors of cancer
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diagnosed at age 15-39 years. In total, 6.5% had at least one hospital contact
for an endocrine disease. The leading reasons for hospital contact were thyroid disease, testicular dysfunction and diabetes mellitus. Those at highest
risk were survivors of leukaemia, HL, brain cancer and testicular cancer.
Fertility
Having children is a wish for many AYA cancer survivors; however, the
cancer treatment that cured their cancer may cause impaired fertility.
Fortunately, many cancer patients can benefit from new techniques enabling preservation of fertility prior to cancer treatment.
In a cross-sectional study, the ovarian reserve of 71 women who survived
cancer diagnosed at age 15-39 years was compared with that of similarly
aged women. The results showed an impaired ovarian reserve among
cancer survivors; this was associated with the received dose of alkylating
agents (e.g. cisplatin) and radiotherapy. Also, a population-based cohort
study reported a significantly increased risk of infertility in survivors of
testicular cancer when compared with healthy men. This is attributed to
treatment with orchiectomy, chemotherapy and/or radiotherapy.
Sexuality
Adolescence and young adulthood is a special period in life where the
identity, in many ways, is formed. Going through cancer treatment, and
potentially also dealing with the short- and long-term consequences of
treatment, may also influence a young person’s sexuality. In a Swedish
questionnaire-based study, the physical and psychosexual complications
of 285 survivors of AYA cancer (15-29 years of age at cancer diagnosis)
were investigated and compared with that of a control group. The study
showed low satisfaction regarding sexual function compared with controls and both male and female survivors were less satisfied with their
sexual life. The authors of this study suggest multidisciplinary rehabilitation of survivors of AYA cancer to increase sexual health.
Neurocognitive Effects
Education is important in the life of AYAs and cancer diagnosis at a
young age may have an impact on the ability to follow an educational
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programme. In a report from the Childhood Cancer Survivors Study in
the USA, psychosocial and neurocognitive function was evaluated in
2589 survivors of cancer diagnosed at age 11-21 years. Based on selfreports and compared with siblings, survivors of cancer diagnosed in
adolescence and early adulthood had higher rates of depression, anxiety,
impaired task efficiency, impaired emotional regulation and impaired
memory. For survivors of childhood cancer, it has been shown that the
treatment-induced late effects (e.g. cardiovascular disease, pulmonary
disease and endocrine disturbances) may contribute to neurocognitive
impairment, irrespective of treatment with neurotoxins. The cancer pattern in childhood cancer survivors is partly different from that of survivors diagnosed in the age range 15-39 years and thus the results from
studies including childhood cancer survivors can only be generalised to
a certain extent to survivors of AYA cancer.
Fatigue
A recent study evaluated to what extent survivors of AYA cancer experience fatigue. Eighty survivors (response rate: 41%), diagnosed at age
13-24 years, participated in the survey. Fatigue was the most prevalent
symptom reported, followed by ‘low mood’ and ‘anxiety’. In addition,
fatigue was ranked highest when participants were asked to report which
symptoms had the greatest impact on daily life, with exercise being the
daily life activity most affected. In a literature review of fatigue in persons 13-24 years of age at cancer diagnosis or treatment, it was also
concluded that fatigue was a prevalent, severe and distressing symptom
and, further, that fatigue was associated with poor sleep and depression.
Surveys among survivors of AYA cancer may suffer from low response
rates, which preclude investigators from drawing the complete picture
of the investigated late effect and its impact on the lives of AYA cancer
survivors.

Surveillance for Late Effects
To increase the chance of prevention and minimisation of late effects,
regular screening based on treatment exposures should be a key part of
the management of AYA cancer survivors. The follow-up visits could be
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in specialised late-effect clinics, with health professionals specialised in
different aspects of AYA cancer survivorship, or in the primary healthcare system. This will be dependent on the treatment exposure and the
survivors’ need for counselling. The National Comprehensive Cancer
Network (NCCN) has developed the NCCN Guideline for AYA Oncology. In these guidelines, an algorithm based on treatment exposures gives
recommendations for frequency of screening. Also, national groups in
the United Kingdom and the Netherlands have published guidelines for
the survivorship care of AYA cancer survivors. A global group of survivorship experts has formed the International Guideline Harmonization
Group (IGHG) (www.ighg.org [date last accessed, 7 August 2022]) aiming for consensus on the long-term follow-up for specific late effects.
IGHG has published guidelines regarding surveillance for breast cancer, cardiomyopathy, premature ovarian insufficiency and male gonadal
toxicity.
The overriding purpose of survivorship care guidelines is to ease early
detection and to treat and prevent late effects, thereby avoiding the development of severe conditions. When deciding on groups of survivors to
be screened, and the frequency of screening, it is essential to consider
the balance between benefits and harms. The harms of screening include
overdiagnosis and psychological stress. The key to successful survivorship care is thus to determine the risk of late effects based on information
about the survivor’s cancer, the treatment received, morbidities, genetic
susceptibility and individual factors of importance for the development
of late effects; this information can form the basis for decisions on the
type and frequency of screening. In line with this, risk prediction models
considering relevant clinical data have been developed, e.g. for the prediction of cardiovascular risk in survivors of childhood cancer.

Screening Recommendations for
Common Late Effects
This section includes screening recommendations for endocrine disease, cardiovascular diseases and second cancer, which are among the
late effects that occur frequently in survivors of cancer diagnosed during
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adolescence and young adulthood. It should be clear that the evidence
for these recommendations is based primarily on studies including childhood cancer survivors. The evidence specifically for survivors of AYA
cancer is growing and therefore, in the future, it may be possible to make
survivorship care recommendations based entirely on studies including
this specific group of survivors.
Endocrine Disease
The most common endocrine late effects include hypothalamic-pituitary
(HP) dysfunction, primary thyroid dysfunction, obesity, diabetes mellitus and decreased bone mineral density (BMD). The primary risk factor for development of HP dysfunction is radiotherapy, especially cranial radiotherapy. Injury from tumour growth or surgery can also cause
HP dysfunction. In addition, treatment with tyrosine kinase inhibitors
(TKIs) and immune system modulators has been linked to HP dysfunction. Dependent on treatment received (radiation doses, type of chemotherapeutics and surgery), screening can be performed with blood tests
measuring levels of hormones indicating whether medical treatment
should be initiated. Those at highest risk for primary thyroid dysfunction are survivors of HL who received radiation doses to the neck in
doses ≥45 Gy. Also, patients who received craniospinal radiation are at
high risk for thyroid dysfunction. Treatment with TKIs and conventional
chemotherapeutics (busulfan and cyclophosphamide) has been linked
to thyroid dysfunction. Patients at risk for primary thyroid dysfunction
should be screened at least yearly for symptoms and plasma free T4 and
thyroid stimulating hormone (TSH) levels. Medical treatment can be initiated in the case of abnormal values.
Patients at risk for obesity are primarily those who survived brain cancer.
Growth of the tumour and/or surgery, radiation to the brain and treatment
with glucocorticoids can result in HP dysfunction, leading to obesity.
Clinical parameters are used for screening and the treatment includes a
healthy diet and physical exercise.
Patients treated with HSCT and patients who received total body irradiation or abdominal radiotherapy are at risk for diabetes mellitus. Screening
for diabetes mellitus is done by measurement of fasting glucose (HbA1C)
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and oral glucose tolerance test. Dependent on the results of these tests,
recommendations on diet, exercise and medication can be made.
Survivors at high risk for low BMD are survivors of leukaemia, brain
cancer and survivors treated with HSCT. Treatment with glucocorticoids, osteotoxic chemotherapy, radiation- and treatment-induced endocrine dysfunctions, malnutrition, physical impairment and reduced muscle strength may contribute to low BMD. For survivors of childhood
cancer, assessment of bone health is recommended using dual-energy
x-ray absorptiometry (DXA). Performing this type of scanning regularly
in high-risk groups will reveal changes in BMD. Another indicator of
low BMD is the occurrence of fractures. Treatment of low BMD includes
treatment of hormonal deficiencies and vitamin D and calcium supplementation. Physical activity stimulates bone remodelling and should be
recommended.
Cardiovascular Disease
Survivors at high risk for cardiovascular diseases are those treated with
anthracyclines (examples are doxorubicin, daunorubicin, epirubicin and
idarubicin), mitoxantrone chemotherapy and chest-directed radiotherapy.
n

n

n

Anthracyclines. For survivors of childhood cancer who received
high-dose anthracyclines (≥250 mg/m2), cardiomyopathy surveillance
is recommended. For survivors who received a moderate dose of
anthracyclines (≥100 to <250 mg/m2), cardiomyopathy surveillance
is reasonable and, for survivors treated with low-dose anthracyclines
(<100 mg/m2), cardiomyopathy surveillance may be reasonable.
Chest radiation. Cardiomyopathy surveillance is recommended for
survivors treated with high-dose chest radiation (≥35 Gy), surveillance is reasonable for those treated with moderate doses of chest
radiation (15 to <35 Gy) and no recommendation is given for survivors treated with low-dose chest radiation (<15 Gy).
Anthracyclines and chest radiation. Cardiomyopathy screening is
recommended for survivors who received moderate-to-high dose
anthracyclines (>100 mg/m2) and moderate-high dose chest radiation
(>15 Gy).
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Echocardiography is recommended as the primary surveillance of cardiomyopathy. From the echocardiogram, the left systolic function can
be assessed in survivors treated with anthracyclines and/or chest radiation. Radionuclide angiography or cardiac magnetic resonance imaging
(MRI) may be reasonable for cardiomyopathy surveillance in survivors
at risk for whom echocardiography is not optimal. Regarding the frequency of surveillance for cardiomyopathy, it is recommended to begin
no later than 2 years after completion of the cardiotoxic treatment. Surveillance should be repeated 5 years after completion of treatment and,
after this, every 5 years. More frequent and lifelong surveillance may
be reasonable for specific groups of survivors. These recommendations
apply to both survivors at low-moderate risk and survivors at high risk
for cardiomyopathy. Regular physical exercise is recommended for survivors treated with anthracyclines and/or chest radiation; cardiology
consultation may be reasonable for survivors at high risk prior to participation in high-intensity exercise.
Second Cancer
Given the significantly increased risk for breast cancer among survivors
treated with chest radiation, surveillance guidelines recommend mammogram screening in combination with breast MRI in survivors exposed
to chest radiotherapy before the age of 30. This screening has been associated with earlier breast cancer detection and increases the specificity
and detection of invasive breast cancer and ductal carcinomas in situ.
The guidelines from the Children’s Oncology Group (COG), the Dutch
Childhood Cancer Oncology Group - Long-Term Effects after Childhood Cancer (DCOG LATER) and the IGHG recommend screening for
breast cancer to start at age 25 years or 8 years after treatment, whichever
occurs later. The radiation exposure threshold for starting screening is,
according to COG and DCOG LATER, 10 Gy. Prophylactic mastectomy
may be an option for women exposed to chest radiation at a young age.
For survivors exposed to abdominal or pelvic radiation, COG recommends annual colonoscopy starting at age 35 years or 10 years after
radiation exposure, whichever occurs later. For skin cancer, COG
recommends yearly dermatological examination of the skin exposed to
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radiation. For survivors exposed to radiation to the neck, and thus at risk
for thyroid cancer, COG recommends ultrasound and fine needle aspiration for palpable nodules. Survivors with known germline cancer predisposition syndromes (e.g. Li-Fraumeni syndrome and Lynch syndrome)
are recommended to attend specific screening programmes.

Concluding Remarks
As described in this chapter, survivors of cancer diagnosed in adolescence and young adulthood are at risk for a wide range of treatmentrelated toxicities. The impact of late effects ranges from mild to severe
and life-threatening, depending on the type of cancer and the treatment
received. However, irrespective of the burden of late effects, all AYA
cancer survivors face the challenges of being a cancer survivor while
simultaneously dealing with the psychosocial stressors associated with
transition to adulthood. Attention to the current guidelines for surveillance, and further development of these guidelines specifically tailored
to survivors of AYA cancer, will hopefully minimise and prevent the late
effects experienced by them.
Declaration of Interest:
Dr Rugbjerg has reported no potential conflicts of interest.

Further Reading
Agrawal S. Late effects of cancer treatment in breast cancer survivors. South
Asian J Cancer 2014; 3:112–115.
Armenian SH, Armstrong GT, Aune G, et al. Cardiovascular disease in survivors
of childhood cancer: insights into epidemiology, pathophysiology, and prevention. J Clin Oncol 2018; 36:2135–2144.
Bright CJ, Hawkins MM, Guha J, et al. Risk of cerebrovascular events in 178
962 five-year survivors of cancer diagnosed at 15 to 39 years of age: the
TYACSS (Teenage and Young Adult Cancer Survivor Study). Circulation
2017; 135:1194–1210.
Bleyer A, Barr R, Hayes-Lattin B, et al. The distinctive biology of cancer in
adolescents and young adults. Nat Rev Cancer 2008; 8:288–298.

192

Rugbjerg

Bleyer A, Choi M, Wang SJ, et al. Increased vulnerability of the spinal cord to
radiation or intrathecal chemotherapy during adolescence: a report from the
Children’s Oncology Group. Pediatr Blood Cancer 2009; 53:1205–1210.
Chemaitilly W, Cohen LE, Mostoufi-Moab S, et al. Endocrine late effects in
childhood cancer survivors. J Clin Oncol 2018; 36:2153–2159.
Chow EJ, Chen Y, Kremer LC, et al. Individual prediction of heart failure among
childhood cancer survivors. J Clin Oncol 2015; 33:394–402.
Coccia PF, Pappo AS, Beaupin L, et al. Adolescent and Young Adult Oncology,
Version 2.2018, NCCN Clinical Practice Guidelines in Oncology. J Natl
Compr Canc Netw 2018; 16:66–97.
Gracia CR, Sammel MD, Freeman E, et al. Impact of cancer therapies on ovarian
reserve. Fertil Steril 2012; 97:134–140.e1.
Fung C, Fossa SD, Williams A, Travis LB. Long-term morbidity of testicular
cancer treatment. Urol Clin North Am 2015; 42:393–408.
Jensen MV, Rugbjerg K, de Fine Licht S, et al. Endocrine late effects in survivors
of cancer in adolescence and young adulthood: a Danish population-based
cohort study. JAMA Netw Open 2018; 1:e180349.
Kremer LC, Mulder RL, Oeffinger KC, et al. A worldwide collaboration to
harmonize guidelines for the long-term follow-up of childhood and young
adult cancer survivors: a report from the International Late Effects of Childhood Cancer Guideline Harmonization Group. Pediatr Blood Cancer 2013;
60:543–549.
Lee JS, DuBois SG, Coccia PF, et al. Increased risk of second malignant neoplasms
in adolescents and young adults with cancer. Cancer 2016; 122:116–123.
Olsson M, Steineck G, Enskär K, et al. Sexual function in adolescent and young
adult cancer survivors – a population-based study. J Cancer Surviv 2018;
12:450–459.
Prasad PK, Hardy KK, Zhang N, et al. Psychosocial and neurocognitive outcomes
in adult survivors of adolescent and early young adult cancer: a report from
the Childhood Cancer Survivor Study. J Clin Oncol 2015; 33:2545–2552.
Rugbjerg K, Olsen JH. Long-term risk of hospitalization for somatic diseases in
survivors of adolescent or young adult cancer. JAMA Oncol 2016; 2:193–200.
Spathis A, Hatcher H, Booth S, et al. Cancer-related fatigue in adolescents and
young adults after cancer treatment: persistent and poorly managed. J Adolesc Young Adult Oncol 2017; 6:489–493.
Straus DJ. Long-term survivorship at a price: late-term, therapy-associated
toxicities in the adult hodgkin lymphoma patient. Ther Adv Hematol 2011;
2:111–119.
Veal GJ, Hartford CM, Stewart CF. Clinical pharmacology in the adolescent
oncology patient. J Clin Oncol 2010; 28:4790–4799.
Short- and Long-term Toxicities of Treatment in Survivors of Adolescent
and Young Adult Cancer

193

Zaid MA, Gathirua-Mwangi WG, Fung C, et al. Clinical and genetic risk factors
for adverse metabolic outcomes in North American testicular cancer survivors. J Natl Compr Canc Netw 2018; 16:257–265.

194

Rugbjerg

Fertility and Fertility
Preservation

17

K. Duffin
R.A. Anderson
MRC Centre for Reproductive Health, University of Edinburgh, Edinburgh, UK

Overview
n
n
n
n

n
n

Risk factors for infertility (male and female)
Assessment of gonadal function
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and their families regarding fertility
The emotional impact of treatment-related infertility
Follow-up of AYA cancer survivors at risk of infertility


The adverse effects of some cancer treatments on fertility are well recognised. Survivors of childhood and AYA cancer are overall less likely
to have or to sire a pregnancy, with the risk related to the treatment
received. Anticancer treatment can result in reduction or loss in fertility
due to damage to the gonads and/or genitourinary organs (e.g. caused
by chemotherapy, radiotherapy or surgery) or disruption of the hypothalamic-pituitary-gonadal (HPG) axis (caused by cranial irradiation),
requiring post-treatment assessment.
Females are born with a finite number of primordial follicles in the
ovary, which are progressively lost over time, culminating in the menopause. Treatment for cancer can deplete this pool of follicles, hastening
the onset of ovarian failure (now termed premature ovarian insufficiency
[POI]) and therefore shortening the patient’s reproductive lifespan.
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Additionally, any treatment that alters the anatomy, vasculature or function of the uterus, cervix or vagina can reduce the likelihood of successful conception and/or pregnancy.
Male fertility is most commonly compromised by damage to the spermatogonial stem cells, resulting in oligo/azoospermia. Damage to Leydig cells may also occur, resulting in testosterone deficiency and the need
for lifelong replacement, although this is less common. Spermatogenesis
is more sensitive to treatment effects, thus commonly infertility may
occur without testosterone deficiency, but the reverse is rare.

Risk Factors
Risk factors for infertility should be considered at time of diagnosis, and
can broadly be related to the proposed treatment, modified by patientspecific variables of which the most important are, in women, age and
the ovarian reserve.
Chemotherapy
Treatment regimens can be classified as low, medium or high risk (Table 1).
The degree of gonadal damage conferred by chemotherapy drugs depends
on the drug given, the dose and the age, sex and pubertal status of the
patient; it is also difficult to quantify the relative damage caused by individual drugs, as chemotherapy drugs are generally administered as part of
a multi-drug regimen. Alkylating agents are known to be particularly high
risk, as is chemotherapy conditioning for stem cell transplantation.
Table 1 Gonadotoxic Chemotherapy Agents
High risk

Medium risk

Low risk

Cyclophosphamide
Ifosfamide
Chlormethine
Busulfan
Melphalan
Procarbazine
Chlorambucil
Mechlorethamine
Carmustine
Lomustine

Cisplatin
Carboplatin
Doxorubicin
Dacarbazine
Thiotepa
Gemcitabine
Cytarabine
Daunorubicin

Vincristine
Methotrexate
Dactinomycin
Bleomycin
Mercaptopurine
Vinblastine
Azathioprine
Fludarabine
Etoposide
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Radiotherapy
Pelvic or testicular irradiation (including whole-body irradiation and
scatter from other nearby treatment fields, including abdominal/flank,
inguinal/femoral and bladder) can cause direct gonadal damage, with
the extent of damage depending on the field of treatment, total dose and
fractionation schedule. Improvements in radiation techniques with more
closely focused beams (e.g. the combined use of magnetic resonance
with linear accelerator [MR-LINAC]) and proton beam irradiation are
likely to reduce reproductive organ damage, although data are required
to confirm this.
In female patients, the estimated LD50 (dose required to kill half the
remaining oocytes) is <2 Gy. Because of the declining size of the oocyte
pool with age, the effective sterilising dose of radiation decreases with
increasing age. Additionally, irradiation of the uterus increases risk of
miscarriage, premature delivery and intrauterine growth retardation. Total
body or total abdominal irradiation leads to POI in >90% of patients.
In male patients, germ cells are also radiosensitive; testicular radiation
doses of 0.1 Gy can cause impaired spermatogenesis, with permanent
damage caused by doses of >4 Gy. Somatic cells are more resistant;
however, Leydig cell dysfunction resulting in hypoandrogenism can
result from testicular radiation doses of 24 Gy before puberty and 30 Gy
post-puberty.
Cranial irradiation causes disruption of the HPG axis, leading to
hypogonadism and infertility in both sexes. Cranial radiation doses of
30-45 Gy have been associated with reduced fertility. There can be a
period of latency before clinical or biochemical evidence of damage
develops, therefore long-term follow-up is recommended.
Surgery
Surgery that disrupts the HPG axis can result in impaired fertility. Surgery to the reproductive and genitourinary organs, as well as associated
neurovascular structures, can compromise fertility through erectile or
ejaculatory dysfunction in male patients and reduced likelihood of natural conception and successful pregnancy in female patients.
Fertility and Fertility Preservation
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Assessment Tests
Gonadal function can be assessed by reviewing pubertal status and progression, and by measuring plasma levels of gonadotropins and sex steroids.
In female patients, markers of ovarian reserve include antral follicle
count (AFC) and anti-Müllerian hormone (AMH), though these do not
reflect the primordial follicle pool directly. Elevations in follicle-stimulating hormone (FSH) occur relatively late in the decline in ovarian
reserve, and, with low oestradiol, are the basis for the diagnosis of POI.
AMH is produced by growing follicles in the ovary, and shows complex age-related changes, with overall rising levels through childhood
and adolescence and a decline after a peak in the mid-20s. In AYAs, the
degree of recovery of AMH after treatment reflects the gonadotoxicity of
the treatment administered.
In males, serum testosterone should be measured in the morning. A high
luteinising hormone (LH) level with normal testosterone indicates partial
loss of Leydig cell function and should be monitored over time. If semen
analysis is unavailable, FSH measurement can identify individuals at
high risk of azoospermia.

Fertility Preservation
At the point of diagnosis, it is important that fertility risk assessment and
appropriate counselling are undertaken in all patients, even when the perceived risk is low and/or referral to a fertility centre is unlikely or inappropriate. Fertility preservation options should be discussed, taking into
consideration risk to fertility, likelihood of survival and available technology and expertise. Time available and the health status of the patient may
also influence whether and which preservation options can be offered.
If abdominopelvic radiotherapy is required, efforts should be made to
shield the gonad in situ. There is limited evidence for efficacy of oophoropexy (surgical displacement of the ovaries out of the radiation field) in
AYAs, and it is important to consider radiation-induced damage to the
uterus. Surgery should be refined where possible to minimise damage to
reproductive and genitourinary organs.
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Options for Male Patients
Prior to commencing gonadotoxic treatment, semen for cryopreservation
can be collected by masturbation from sexually mature male patients.
Cryopreservation of semen is a quick, non-invasive and well-established
technique for fertility preservation. Collection should also be considered for post- and peri-pubertal males (consider in patients who report
nocturnal emissions or masturbation with ejaculation, or who have testicular volume >6 mL). Other methods for semen collection, such as
penile vibratory stimulation, intraoperative rectal electroejaculation, or
testicular or epididymal aspiration, may be considered if available. For
pre-pubertal males, testicular tissue cryopreservation prior to starting
treatment is possible in some centres, although it remains experimental.
Options for Female Patients
Embryo cryopreservation is an established technique; however, it requires
the provision of sperm and therefore is most appropriate for mature women
in established relationships, as the resulting embryos will be the joint property of both partners. For women without a partner, mature oocytes can be
cryopreserved and this has become much more successful in recent years.
Both approaches require ovarian stimulation, taking 2-3 weeks, which may
impact on starting treatment. In younger adolescent girls, ovarian tissue
can be cryopreserved. This requires a surgical procedure, with attendant
risks particularly if the patient is immunocompromised, and malignant
contamination of the ovarian tissue is a consideration. Successful pregnancies have followed re-implanting thawed ovarian tissue; however, only two
live births have been reported following re-implantation of tissue harvested
pre-menarche. While the American Society for Reproductive Medicine has
removed the experimental label from this procedure for adult patients, it is
still very much considered experimental in the paediatric population.

Communication
If there is a risk to future fertility, this should be discussed along with
options for preservation, prior to commencing treatment. This is an
additional burden to the team providing treatment and requires oncologists to be equipped with the appropriate knowledge. Other obstacles to
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effective communication include financial costs, concerns about the current health status of the patient and unwillingness to consider further
medical procedures (particularly if these will delay treatment starting).
Additionally, the time of diagnosis is extremely challenging for the
patients and families, who are often attempting to assimilate a lot of
new and complex information, as well as undergoing investigations and
procedures. However, there is evidence that patients and their families
appreciate conversations about fertility; these discussions can be a source
of hope for the future and for survival. It is important that these issues
are raised sensitively and discussed in a manner that is age-appropriate
and acceptable to the patient and their family. Decision aids are being
developed to help patients and their families make what is the ‘right’
decision for themselves.
Risk to fertility can only be estimated and this assessment must be
continually updated (e.g. in the case of relapse or change in treatment
plan). Additionally, there will be individual variability in response to
treatment. Male patients may have a period of azoospermia secondary
to gonadotoxic therapy, followed by recovery of spermatogenesis years
after therapy. As such, it is important to counsel about appropriate use
of contraception. Female patients should also be advised that regular
menstruation post-treatment does not guarantee normal fertility, and that
their reproductive window may be shortened by premature menopause.

The Emotional Impact of Infertility
Fertility preservation is important to young cancer patients, and the prospect of infertility following treatment is a source of significant distress.
While there are other options for becoming parents (such as adoption
or surrogacy), most cancer survivors say that they would prefer to have
natural offspring. Indeed, many cancer survivors believe that their experience of illness increases their appreciation of family.
Infertility following cancer treatment is associated with emotional distress. This is not unique to cancer survivors; infertility is known to be
associated with higher self-reported rates of unresolved grief, depression
and anxiety.
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Follow-up
Follow-up of cancer survivors will be multidisciplinary and should be
individualised based on each patient’s risk of long-term complications.
At the end of treatment, a summary of treatment received (including
cumulative doses of chemotherapy, details of any surgery and radiotherapy, and any complications, as well as information about anticipated
late effects) should be made available to patients and their healthcare
providers. This may highlight issues of relevance to later pregnancy, e.g.
anthracycline effects on cardiac function.
Survivors treated with potentially gonadotoxic therapy during puberty
or prior to the onset of puberty should have their pubertal development
assessed annually. If onset or progression of puberty is delayed, assessment by a paediatric endocrinologist is recommended. If required, sex
steroid supplementation should be managed by a paediatric endocrinologist. This is also the case for survivors with cancer/treatment postpuberty, e.g. patients aged 20-39 years treated with bleomycin/etoposide/
cisplatin (BEP) for testicular cancer are followed up to 10 years with
annual assessment of testosterone, LH and FSH. Additionally, women
who have received gonadotoxic chemotherapy or abdominopelvic radiation should be offered assessment of ovarian function.
Patients with evidence of impaired fertility should be referred to fertility specialists for assessment and individualised advice. If women have
had radiotherapy to the uterus, they should be counselled pre-conception
about increased risk of pregnancy complications, including miscarriage
and intrauterine growth restriction. It is important to remember the psychological impact of impaired fertility and refer for specialist counselling as appropriate.
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Cancer during pregnancy is an uncommon but challenging situation for
both patients and their treating physicians. Approximately 1 in every 1000
pregnant women receives a diagnosis of malignant disease, with breast
cancer, melanoma, cervical cancer and haematological malignancies
being the most commonly diagnosed tumours. Notably, since cancer incidence increases with age, the issue of its diagnosis during pregnancy may
become more common in the future, considering the current rising trend
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of postponing pregnancy to later in life. Conversely, even if the incidence
of pregnancy in adolescents is generally decreasing, it remains quite high
in sub-Saharan Africa and Latin America.
To avoid both the delay in diagnosis with subsequent more advanced
stage at presentation as well as the use of ‘non-standard’ potentially
suboptimal anticancer therapies with a possible negative impact on the
patient’s prognosis or foetal outcome, an increased awareness and proper
clinical management of women with cancer diagnosis during pregnancy
is mandatory. In this setting, a multidisciplinary team (i.e. medical
oncologist, surgical oncologist, psychologist, genetic specialist, obstetrician, neonatologist and paediatrician) should be involved from the early
stages, and these patients should be referred to institutions with expertise
in this field, to ensure that the maternal and foetal risks as well as benefits
are adequately evaluated during the treatment decision-making process.
To help physicians in the management of patients with cancer diagnosis
during pregnancy, several guidelines have become available over the past
years. Notably, most of the recommendations are based on prospective
and retrospective cohort studies, with lack of data from randomised trials
given the rarity of this clinical condition.

Diagnosis and Staging
Suspected lesions in pregnant patients (e.g. breast lump, atypical vaginal
discharge, enlarged lymph node, etc.) should be investigated without delay
following the same standard procedures as in non-pregnant women, including immunohistochemical or molecular analyses. Importantly, the pathologist needs be informed about the pregnancy status to take into account the
pregnancy-induced cytological alterations in endocrine-responsive organs.
Tumour markers should be used with caution in the management of
pregnant patients considering that some may increase just because of the
pregnancy (e.g. alpha-foetoprotein [αFP], CA 125 and CA 15-33).
In terms of imaging procedures for diagnosis and staging, the goal is to
limit exposure to ionising radiation. The benefits of imaging versus the
potential risks to the foetus should always be considered, and unnecessary
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procedures should be avoided, especially if they are not expected to alter
the proposed treatment. Ultrasound of breast, abdomen and pelvis, as
well as chest X-ray and mammography with abdominal shielding, can
be safely conducted during pregnancy. Ionising imaging and staging
techniques such as computed tomography (CT), bone scan and positron
emission tomography (PET) should, in principle, be avoided throughout
the course of pregnancy. Nevertheless, if strictly necessary, they might
be performed after calculation of foetal radiation exposure, which should
not exceed a total of 100 mGy. On the other hand, the use of non-ionising
techniques such as magnetic resonance imaging (MRI) without gadolinium, including whole-body MRI and diffusion-weighted imaging, hold
great potential for the management of pregnant patients.

Local Treatment
Surgical Management
Surgery can be safely performed at any time during the course of gestation, favouring local or spinal anaesthesia, whenever possible. Globally, the
surgical approach should follow the same guidelines as for non-pregnant
cases. Nevertheless, a note of caution should be made for major abdominal and pelvic surgery, which can be associated with increased morbidity
and pregnancy complications; however, they should never be postponed if
deemed crucial, with a careful monitoring of maternal and foetal condition,
particularly after week 22-25 of gestation. In addition, the surgical management of cervical cancer in pregnant women requires particular attention, considering that radical surgery and pelvic radiation would result in
pregnancy termination; stage and gestational age at diagnosis are key when
deciding between the different options (i.e. pregnancy termination followed
by standard treatment, watchful waiting, chemotherapy during pregnancy).
A sentinel node procedure to stage axillary and inguinal lymph nodes
using a 1-day protocol lymphoscintigraphy with technetium-99 appears
to be safe and feasible during pregnancy with foetal radiation exposure
lower than 5 mGy. Considering the potential harmful risk of anaphylactic reaction, blue dye for mapping should be discouraged in women
diagnosed during pregnancy.
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Radiotherapy
Radiotherapy during gestation can cause several foetal adverse effects
(i.e. intrauterine growth restriction, mental retardation, risk of childhood
cancer, foetal death): foetal dosage, extension of the radiation field and
gestational age are crucial factors impacting the risk of foetal morbidity. Doses higher than 100-200 mGy leading to increased risk of foetal
adverse effects are usually not reached with the administration of curative radiotherapy during pregnancy for tumours located sufficiently far
from the uterus and with adequate shielding; however, even lower doses
can be associated with future problems in newborns, such as sterility or
the development of childhood cancer.
Therefore, unless urgent treatment is needed during the first trimester or
the early phase of the second trimester in a site located sufficiently far from
the uterus, radiotherapy should be postponed to the post-partum period.

Systemic Treatment
Chemotherapy
Generally, the indication for administering chemotherapy during pregnancy should follow standard recommendations as for non-pregnant
patients, but taking into account three important specific issues in this
setting: preferences of the patient and her family, gestational age at diagnosis and expected date of delivery.
Chemotherapy is contraindicated during the first trimester of gestation
(i.e. the period of organogenesis), being associated with a high rate
of both major malformations (overall 14%, but higher with specific
chemotherapeutic agents such as cyclophosphamide and 5-fluorouracil)
and spontaneous abortion (approximately 13%). When urgent systemic
cytotoxic treatment is required and postponing its use to the second
trimester is not possible, pregnancy termination should be discussed.
During the second and third trimesters, chemotherapy can be safely
administered without increasing risk of major malformations compared
with the general population (approximately 3%). Nonetheless, a slightly
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higher rate of stillbirths and small-for-gestational-age (SGA) babies has
been described after chemotherapy during pregnancy (approximately 2%
and 15%, respectively).
Importantly, not all chemotherapy agents can be considered equally safe
during this period. Anthracyclines are the drugs with the largest amount
of available data during pregnancy: while the administration of doxorubicin and epirubicin has shown to be feasible and safe during the second
and third trimesters, daunorubicin or idarubicin are associated with considerable foetal morbidity and mortality and should be avoided. Clinical
experience with taxanes during pregnancy is more limited, but they can
be considered in pregnant patients, having a low placental transport and
being well tolerated. Whenever possible, paclitaxel should be preferred
to docetaxel. Platinum agents (cisplatin and carboplatin) are associated
with an increased risk of SGA and ototoxicity; they can be used with caution, if indicated. Anti-metabolites such as gemcitabine and pemetrexed
as well as etoposide should be avoided in pregnant patients. For women
with haematological malignancies, CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone) and ABVD (doxorubicin, bleomycin,
vinblastine and dacarbazine) regimens showed favourable pregnancy
outcomes when administered during the second and third trimesters.
When administering chemotherapy during the second and third trimesters of pregnancy, the following important practical considerations
should be considered:
1.	Dose calculation as in non-pregnant patients is recommended, even if
the pharmacokinetics of some cytotoxic drugs can be altered during
pregnancy;
2.	A 3-week interval between last chemotherapy cycle and expected
date of delivery should be allowed, with preferably no cycles after
week 34 of gestation considering the risk of spontaneous delivery
after that period;
3.	Whenever possible, weekly regimens are to be preferred due to their
higher manageability and lower haematological toxicity with shorter
nadir periods.
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Targeted Therapy, Immune Checkpoint Inhibitors and Endocrine Therapy
Although a growing amount of data have become available on the feasibility of administering chemotherapy in pregnant patients, there is limited
evidence on the safety of using targeted agents and immune checkpoint
inhibitors (ICIs) during pregnancy. Notably, the recommendation to avoid
first trimester exposure in favour of starting treatment in the second trimester does not apply to these agents, as they have different pharmacokinetic
and pharmacodynamic properties as compared with systemic cytotoxic
therapy. Monoclonal antibodies are large molecules, therefore active transport via the placenta (starting after week 14 of gestation) is required to
reach the foetus: hence, first trimester exposure is unlikely to be associated
with high concentration of drug in the foetus. On the contrary, small molecules such as tyrosine kinase inhibitors can cross the placenta throughout
the course of pregnancy, similar to chemotherapy.
Targeted agents and ICIs may interfere with the development of the foetus through specific mechanisms. For example, oligohydramnios has been
described after administration of the anti-human epidermal growth factor receptor 2 (HER2) agent trastuzumab during pregnancy, while a transient B-cell
depletion has been reported for the anti-CD20 agent rituximab. Although normal newborns have been described after ICI administration during pregnancy,
an immune response against the foetus could not be excluded considering that
programmed cell death protein 1 (PD-1) and its ligand programmed deathligand 1 ( PD-L1) are involved in the pregnancy-induced tolerance.
Following these observations and taking into account the limited clinical
data available so far, the majority of targeted agents should be avoided
during pregnancy. Exceptions are rituximab, imatinib and all-trans retinoic
acid (ATRA), which can be considered with caution during the second and
third trimesters, as well as interferon alpha (IFNα), which appears to be
safe throughout the pregnancy.
In women who are candidates to receive endocrine therapy, in particular
tamoxifen, it should be noted that these agents can cause foetal malformation (i.e. craniofacial malformations and ambiguous genitalia). Therefore,
the administration of endocrine agents is contraindicated during pregnancy
and should be postponed until after delivery.
Cancer and Pregnancy

209

Supportive Therapy
Several agents are approved for counteracting the side effects associated
with the use of anticancer treatments. In pregnant patients, the additional
challenge is to offer the best supportive treatment without increasing
the risks of adverse events for the foetus. In general, the use of these
agents should be limited to those that are absolutely necessary to
control symptoms and improve quality of life. For most of the approved
supportive treatments, limited data are available on their safety in pregnant
cancer patients.
For the control of chemotherapy-induced nausea and vomiting, the compounds with the most safety data should be preferred during pregnancy.
Among them, serotonin (5-hydroxytryptamine type 3 [5-HT3]) receptor
antagonists are widely used antiemetics: ondansetron is the compound
with the largest amount of safety data during pregnancy and should be
considered the preferred option in this setting. Very limited evidence in
humans exists for the other 5-HT3 receptor antagonists such as palonosetron, tropisetron or granisetron. The dopamine 2 (D2) receptor antagonist metoclopramide has been extensively studied as a measure for controlling nausea and vomiting during pregnancy and should be considered
another effective antiemetic agent that can be used in pregnant women.
On the contrary, insufficient data exist on the safety of neurokinin 1
(NK1) inhibitors aprepitant and fosaprepitant, as well as for the combination of netupitant and palonosetron: therefore, they cannot be recommended in pregnant patients.
In cases requiring the use of steroids, both as antiemetic treatment and
anti-allergic premedication, the preferred options during pregnancy are
methylprednisolone or hydrocortisone, being extensively metabolised in
the placenta. Conversely, the repeated administration of dexamethasone
and betamethasone during the first trimester is associated with increased
risk of cleft palate, attention difficulties and infantile cerebral palsy.
The antagonists of the histamine-1 (H1) and 2 (H2) receptor can be safely
administered during pregnancy as antiemetic, anti-allergic and anti-acid
treatment, with a preference for diphenhydramine among H1 antagonists
and ranitidine among H2 antagonists.
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Considering their potential muscle-relaxant effect, proton-pump inhibitors are not recommended in pregnant women.
The safety profile during pregnancy of daily or long-acting granulocyte colony-stimulating factors (G-CSFs) has not been confirmed by clinical studies.
Therefore, their use should be avoided whenever possible and dose-dense
chemotherapy is not the preferred treatment option in pregnant patients.
Nevertheless, if G-CSF use is strongly indicated after careful assessment of
risks and benefits, this supportive agent should not be withheld.
Similarly, bisphosphonates are not recommended for routine application
in pregnant patients.

Obstetric Care and Long-term Outcomes of
Children Exposed to Anticancer Therapies in Utero
Despite the feasibility of administering chemotherapy during the second
and third trimesters of pregnancy, the possible occurrence of obstetric
and foetal complications should be considered. Specifically, intrauterine growth restriction, premature rupture of membranes and premature
labour can occur more often than in the general population. Platinum
salts and docetaxel are the chemotherapy agents associated with the
highest risk of SGA and admission to the neonatal intensive care unit,
respectively. For these reasons, pregnancies in cancer patients should be
regarded as high risk and followed closely with regular foetal monitoring and through the involvement of a multidisciplinary team from the
earliest phases.
In terms of risk of long-term complications in children with prior in utero
exposure to chemotherapy, the currently available data do not suggest an
increased incidence of adverse health effects in relation to cognitive and
cardiac development. However, continuous monitoring for the possible
occurrence of these and other complications is mandatory, considering
that they may not become apparent until later in life. So far, the studies that assessed the outcomes of children with prior in utero exposure
to chemotherapy have shown normal growth and development, but with

Cancer and Pregnancy

211

limited evidence beyond the third year of age. Importantly, prematurity
more than chemotherapy exposure has been demonstrated to impair the
cognitive development of the offspring. Therefore, full-term delivery
(i.e. ≥37 weeks) should be targeted to avoid prematurity whenever possible. The administration of chemotherapy up to the 34th week of pregnancy may be needed to achieve this goal and should be considered in
order to avoid preterm births.

Conclusions and Future Perspectives
Cancer in pregnancy is a complex medical situation requiring proper
management within a multidisciplinary team. The diagnosis of cancer
during pregnancy represents a unique challenge for patients, caregivers
and treating physicians, and may additionally raise religious, social or
moral concerns. Importantly, attention should be paid to the psychological burden associated with a diagnosis of cancer in a pregnant woman in
order to develop an integrative model of care aiming for the best possible
medical and psychological outcomes.
Current guidelines on the management of cancer in pregnancy rely on
limited evidence. Considering the difficulty of conducting randomised
trials in this setting, participating in ongoing prospective international
registries like the International Network on Cancer, Infertility and
Pregnancy (https://www.esgo.org/network/incip/ [date last accessed, 7
August 2022]) is crucial to have more robust evidence on the management of women with cancer during pregnancy in the coming years.
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Overview
n

This chapter will present an overview of survivorship issues
in adolescent and young adult (AYA)-aged survivors of cancer.
Therefore, the information in the chapter will be relevant to
healthcare professionals who provide care to AYA-aged survivors
of childhood, adolescent and young adult cancer. The following
survivorship issues will be addressed:
•	Epidemiology of childhood cancer survivorship and late effects
of treatment
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Overview (continued)
•	Long-term follow-up care of survivors
•	Transition of care from child- to adult-orientated services
•	Psychological issues
•	Lifestyle issues and interventions

Epidemiology of Childhood Cancer Survivorship
As a result of the ever-increasing success rates achieved in recent decades
in paediatric oncology, an increasing number of children and adolescents
have successfully overcome their cancer and treatment experience and
have reached or are entering adulthood. An estimate from the Nordic
countries puts the proportion of long-term childhood cancer survivors
(CCSs) in the general population at 0.1% (i.e. one in every 1000 persons
is a CCS). Estimates of about 1 in every 600 young adults being a CCS
are reported from other North American statistics. Epidemiological data
on the total number of CCSs living in Europe are not available yet, but it
is reasonable to believe that this population accounts for between 300 000
and 500 000 individuals. Their median age is estimated to be in the 25-29
years range and several are already well beyond 50. Based on a conservative estimate that 75% of those treated on current protocols for childhood
cancer will become long-term survivors (>5 years), then each year about
8000 new long-term CCSs are added to the European population.
However, these successes have come at a price. Many CCSs are at
increased risk of early mortality and/or of higher incidence of chronic
health conditions that may severely affect their quality of life and life
expectancy. Several studies have already documented that chronic health
conditions (late effects) occur among CCSs at a higher rate than expected
compared with their general population peers. The risk increases with
attained age of the survivor and is also dependent on the type and dose of
treatments received and type of the original cancer. From about 20 years
after diagnosis, approximately 60% of CCSs have at least one chronic
condition, with 30%-40% having a severe, disabling or life-threatening
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chronic condition. Endocrine, cardiovascular, neurological and musculoskeletal complications are the most frequently reported conditions,
together with an increased risk of second malignant neoplasms.
It is thus the responsibility of the treating paediatric and adolescent
oncologists, and of the health system in general, to guarantee that personalised risk-stratified follow-up care plans are provided to childhood
cancer survivors.

Follow-up Care of Survivors
Long-term follow-up (LTFU) is essential for the prevention, early diagnosis and optimal management of late effects in childhood, adolescent
and young adult cancer survivors (CAYACSs) cancer. However, the
availability and organisation of LTFU services for these young survivors
varies widely across Europe, with only a few countries providing national
support for such services.
Although evidence-based guidelines intend to improve the consistency of
care and aid the quality of health professionals’ decision making, guidelines for LTFU often conflict in their recommendations for care and are
not used uniformly across or within European countries or even within
individual LTFU centres. Additionally, some guidelines are not developed using rigorous methods, or based on the best available evidence.
Therefore, the International Guideline Harmonization Group ([IGHG];
www.ighg.org [date last accessed, 7 August 2022]) and the EU-funded
PanCareSurFup ([PCSF]; www.pancaresurfup.eu [date last accessed,
7 August 2022]) project have collaborated to produce harmonised evidence-based recommendations for the surveillance of a wide-range of
important late effects, as well as the organisation of models of LTFU care
for CAYACSs (Table 1). In addition, the EU-funded PanCareFollowUp
(www.pancarefollowupeu [date last accessed, 7 August 2022]) project
and the PanCare (www.pancare.eu [date last accessed, 7 August 2022])
Guidelines Group have recently published consensus-based recommendations for those topics not yet addressed by the evidence-based methodology (Table 2). The overall aim of these guidelines is to standardise
LTFU, translate evidence into practice and improve the quality of care
offered to survivors.
Cancer Survivorship Issues and Lifestyle Interventions:
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Table 1 Status of Evidence-based Guideline Development Topics
Published guidelines

Guidelines to be published Guidelines currently
in 2021-2022
under development

Bone toxicityc
Cardiac vasculopathyc
Cardiomyopathyc
CNS secondary neoplasmsc
Male gonadotoxicitya
Models of careb
Obstetric carec
Ototoxicitya
Premature ovarian
insufficiencya
Secondary breast cancerc
Secondary thyroid cancera

Fatiguec
Hepatica
Hypothalamic/pituitary
dysfunctionc
Mental healthc
Psychosocial healthc
Pulmonary dysfunctiona
Transitionb

Guidelines to be
addressed in future

Health promotion
Health promotion
(physical activity)b
(smoking, diet/nutrition)b
Metabolic syndromea
Neurocognitivec
Renal toxicityc
Secondary gastrointestinal
tract neoplasmsc
Spleen problemsc
Thyroid dysfunctionc

IGHG & PCSF collaboration; bPCSF; cIGHG
Abbreviations: CNS, central nervous system; IGHG, International Guideline Harmonization Group; PCSF, PanCareSurFup.

a

Table 2 Topics Included in PanCareFollowUp Consensus-based Guidelinesa
Other subsequent neoplasms (acute myeloid leukaemia/myelodysplasia, bladder cancer, bone cancer, lung cancer,
melanoma and non-melanoma skin cancer, oral cancer)
Alopecia
Cerebrovascular problems
Chronic pain
Craniofacial growth problems
Dental and oral problems
Eye problems
Gastrointestinal problems
Hypertension
Lower urinary tract problems
Other cardiac problems (arrhythmia, pericardial disease, valvular heart disease)
Peripheral neuropathy
Spine scoliosis and kyphosis
Spleen problems
a
van Kalsbeek RJ, van der Pal HJH, Kremer LCM, et al. European PanCareFollowUp Recommendations for surveillance of
late effects of childhood, adolescent, and young adult cancer. Eur J Cancer 2021; 154:316–328.

Although LTFU should be available to all CAYACSs, their ‘risk-based’
care needs will differ according to their cancer treatment history.
Due to the potential for both medical and psychosocial late effects in
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survivors, a lifelong approach to follow-up is warranted. CAYACSs often
report a need for information and support on physical and neurocognitive late effects, infertility, health behaviours, emotions, relationships
and employment. Thus, optimal care should focus not only on the physical consequences of the cancer, but also on the unique psychological and
social care needs of the young person.
Uptake of LTFU services by CAYACSs is often suboptimal. Survivors
frequently report poor knowledge and understanding of the cancer they
had, the treatments they received and their potential for late effects.
Without this knowledge, survivors may not appreciate the importance
and value of LTFU. Therefore, education of survivors, and their families/
carers, is essential. Information should be communicated and presented
in a format that is understandable by young people, with information
being revisited at several time-points. Provision of a paper or electronic
document which clearly summarises the survivor’s cancer and treatment
history, and provides a care plan which outlines the potential risk of late
effects and the recommended surveillance strategies (based on LTFU
guidelines), is good practice.
Already in use in Italy and other European countries thanks to a new EUfunded project is the Survivorship Passport (www.survivorshippassport.org
[date last accessed, 7 August 2022]), a tool which aims to improve the
care of survivors by providing an innovative solution to the knowledge
deficit that survivors, and their healthcare professionals, have about
their cancer and treatment history. This secure web-based platform
enables the generation of a simply written document (the passport –
SurPass). Treatment information can be uploaded either manually to the
SurPass platform or by record-linkage with clinical trial or institutional
databases in which the information was already stored during treatment.
Translatable into all European languages, this document summarises
each survivor’s clinical history, giving detailed information about the
original cancer and treatments received, which then links to evidencebased recommendations of current surveillance guidelines produced by
IGHG and PCSF. This will eventually constitute a detailed risk-based
follow-up care plan that may be shared by the survivor with his/her GP
or local hospital.
Cancer Survivorship Issues and Lifestyle Interventions:
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Transition of Care from Child- to Adult-orientated
Services
LTFU care should be developmentally appropriate, addressing the needs
of survivors as they mature and providing information fitting to their stage
of life. In Europe, paediatric health professionals continue to provide follow-up to many AYA-aged survivors, with the availability of age-appropriate services specifically for this patient group being highly variable
between countries. There is also a paucity of transition programmes for
preparing AYA survivors to transfer from child- to adult-orientated care.
Although the issue of transitioning from child- to adult-orientated care
is not one exclusive to cancer, young people who have survived cancer
differ from those with other chronic diseases. First, they may be in good
physical health at the time when transfer of care occurs, thus they may
not value the need for continued monitoring of their health and be more
likely to miss scheduled appointments and risk getting ‘lost to followup’. Second, the continued care of the cancer survivor will not involve
a simple transfer to the adult-equivalent of their paediatric oncologist.
Depending on the range of the current and potential late effects that the
survivor may face, transitioning the survivor to adult care may need to
involve health professionals from across several specialties, for instance
endocrinology and cardiology, who may have no prior knowledge or
experience of caring for young survivors of cancer.
To provide clear guidance on what transition specifically means for
CAYACSs, PCSF provides a comprehensive definition which illustrates
the essential elements of transition for those approaching adolescence
and young adulthood:
‘Transition of childhood cancer survivors is an active, planned, coordinated,
comprehensive, multidisciplinary process to enable childhood and adolescent cancer survivors to effectively and harmoniously transfer from childcentred to adult-oriented healthcare systems. The transition of care process
should be flexible, developmentally appropriate and consider the medical,
psychosocial, educational and vocational needs of survivors, their families
and caregivers, and promote a healthy lifestyle and self-management.’
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Transitioning survivors successfully from child- to adult-orientated care
presents a significant challenge. Several barriers exist at the level of the
individual, their family, the health professional and the healthcare system. For example, survivors may develop a strong dependence on their
paediatric healthcare providers, lack confidence in the new healthcare
provider and prefer to be cared for by a service they are familiar with and
which they feel understands their needs. Survivors may also be overly
dependent on their families, or experience over-protectiveness from their
family, and lack confidence to manage their own health.
Transition should not be a one-off event, but a planned process which
supports the young survivor to be empowered and develop skills and
knowledge which will lead to increased responsibility and ability to look
after their physical and mental health. Individuals will differ in their readiness for transition depending on their level of maturity, cognitive ability
and psychosocial status. Failing to prepare survivors, their families and
their healthcare providers adequately for the transfer of care often results
in ‘survivor disengagement’ and failure to attend appointments. This can
have serious consequences for their long-term physical and psychosocial
health. Therefore, during this critical time, efforts should be made to
guarantee the continuation of screening and the availability of dedicated
services for this population at risk.
To aid the development and implementation of effective transition programmes, PCSF is developing evidence-based guidelines for the process
of transition (Table 1). These guidelines will provide recommendations for:
1. The information and education that should be provided to survivors,
their families and health professionals involved;
2. The individuals who should be involved in the transition process and
how the transition should be planned and organised; and
3. When transition for the young person should begin.
However, since there is a severe lack of studies evaluating the effectiveness of different models of transitional care, we lack a firm evidence-base
to inform the development and implementation of transition services.
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Psychological Issues in AYA-aged Survivors
Young people diagnosed with a childhood, adolescent or young adult
cancer will face many psychological, emotional and social challenges.
For these individuals, the cancer occurs at a critical period of life
where they are experiencing significant biopsychosocial development.
Although childhood is characterised by high parental dependence, adolescence by emerging freedom and independence, and young adulthood
by exploring and making life decisions about education, employment
and relationships, the diagnosis of cancer in any of these developmental
stages brings disruption and a time of great change, both physically and
psychologically, for the young person. Developing cancer in any of these
developmental stages will bring with it its own unique challenges.
Evidence suggests that most long-term CAYACSs have relatively good
psychological and emotional health. However, a significant minority
appear to be vulnerable to psychological distress, anxiety, depression
and suicidal ideation. Reported risk factors for developing adverse psychological health include female gender, unemployment, low income,
a central nervous system tumour diagnosis, presence of cancer-related
pain, self-reported poor health and the presence of late effects.
Survivors’ subjective beliefs and perceptions about the extent to which
they perceive cancer to have impacted on their lives, and their views of
their present and future health, may be stronger risk factors for psychological distress and anxiety disorders than objective demographic, disease and treatment factors. Although the health beliefs which survivors
possess may not always be medically accurate, these beliefs are logical and rational from the individual’s viewpoint. The importance of the
survivors’ perceptions warrants a conversation between them and their
healthcare provider to uncover and address any negative perceptions or
fears, which may be a cause of anxiety or distress to them.
However, it is important to recognise that for some survivors, the cancer
experience can be perceived to have positive consequences. CAYACSs
may feel they have benefited through self-growth, an awareness of their
resilience and an increased appreciation for life as a result of their cancer
experience. The meaning that survivors ascribe to their cancer experience,
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and how this informs their life view, may have important implications
on their psychological wellbeing. It is also possible that, as suggested in
recent research, survivors may simultaneously experience both negative
and positive consequences of their cancer.
Due to their risk of adverse psychological health, it is recognised that
routine psychosocial screening has value for these young survivors.
However, there is a lack of evidence about how best to perform such
screening and survivors rarely have access to this service, or indeed
appropriate psychosocial support, in LTFU care. Evidence-based LTFU
guidelines addressing mental and psychosocial health are in development from IGHG and PCSF (Table 1).

Lifestyle Issues and Interventions in
AYA-aged Survivors
Suboptimal health behaviours have strong links to many of the late
effects that survivors are at increased risk of (e.g. cardiovascular disease, metabolic syndrome). However, there is consistent evidence that
survivors do not achieve recommended levels of physical activity, with a
significant amount reporting inactivity, and they are often less active than
their peers. Similar to their peers, the majority of survivors have diets
which are high in fat and salt, and low in fruit and vegetables, while they
smoke and consume alcohol at similar, or lower, levels.
Survivors are at increased risk of cardiovascular morbidity and mortality
compared with their peers and there is increasing evidence that a hearthealthy lifestyle is associated with better cardiovascular risk profiles and
outcomes in CAYACSs. Importantly, unlike other key cardiovascular risk
factors, health behaviours are modifiable. As a result, health promotion
is considered an important component of LTFU. However, several challenges may exist to providing advice, including how receptive survivors
are to this information, but also how motivated and well-equipped health
professionals feel about giving it. We also lack specific health-promotion
guidance for CAYACSs, although these are currently being developed
by PCSF (Table 1). Although oncologists are stated to be a preferred
source of health behaviour information, provision of information alone
Cancer Survivorship Issues and Lifestyle Interventions:
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will often not change the patient’s behaviour. Effective behaviour change
requires support from individuals trained in behaviour change who have
the skills to help and support patients to initiate and maintain positive
changes in their health behaviours.
Behaviour change interventions aimed at modifying the health behaviour of survivors are key to preventing disease and maintaining quality
of life. However, the evidence-base regarding the barriers that survivors
face in adopting a healthy lifestyle, and what is effective in improving
the behaviours of survivors, is limited. Although it may be possible to
refer patients to existing services such as weight management or exercise
programmes, these may not be tailored to the needs and preferences of
CAYACSs. Further research is needed to explore how behaviour change
can be effectively implemented in LTFU care for CAYACSs.
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Overview
n

n

n

A diagnosis of cancer during adolescence and young adulthood can
significantly disrupt the ability to achieve normal developmental
milestones, including completion of education, attaining
employment, becoming financially independent, forming social and
romantic relationships and starting a family
The needs of adolescent and young adult (AYA) cancer survivors
include access to financial and occupational support, access to
peer, psychological and sexual support, and recommendations for
strategies to improve recovery such as for nutrition and exercise
Interventions in AYAs aim to address various psychosocial
outcomes by improving cancer knowledge, coping skills, social
support and physical activity
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Overview (continued)
n

After treatment, AYAs will likely benefit from follow-up involving a
multidisciplinary team approach to address long-term and late effects
along with psychosocial issues that may arise due to treatment



Problems and Challenges of AYA Survivors
Adolescence and young adulthood are unique phases of life, during
which significant developmental, emotional and social milestones are
accomplished. The complex transition from childhood to adulthood can
include completing education, forming an identity, establishing autonomy, gaining employment and financial independence, creating friendships and romantic relationships and having children. AYAs who are
diagnosed with cancer during this critical phase of life are faced with
many challenges, including difficulties achieving these ‘normal’ developmental milestones. Short- and long-term side effects of treatment can
have a profound impact on the lives of AYA survivors and may hamper their ability to accomplish these goals. Psychological distress, such
as fear of cancer recurrence, is also common among AYA survivors.
Younger AYAs may not yet have developed sophisticated coping strategies like older adults. Given that survival rates reach almost 80% in this
population, it is of the utmost importance that patients are well supported
to optimise the quality of their future lives.
Education, Employment and Financial Challenges
Education
A cancer diagnosis and treatment can considerably interrupt educational
pathways for AYAs. Reduced attendance and missed coursework or
exams can impact potential future career opportunities. AYAs can feel
‘left behind’ if they are not able to participate in educational opportunities
comparable to their peers. Educational establishments are also an important setting for developing self-esteem and forming social networks. Feeling different to peers can lead to feelings of shame, social isolation and
avoidance coping strategies in order to evade criticism or stigma.
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Employment
Employment difficulties are common among AYA survivors and may
arise due to frequent hospital appointments or reduced ability to function in a role due to the physical or cognitive effects of cancer and/or its
treatment. Employment is necessary for an income but can also provide
AYAs with a sense of independence and purpose, serve as a social setting and (if needed) ensure coverage with health insurance for medical
treatment and follow-up. Some AYAs may fear that necessary changes
such as reduced working hours or workload may lead to job insecurity or
discrimination or limit future earning potential. Enforced sick leave can
also cause AYAs to feel as if they are falling behind their peers and colleagues. As observed by clinicians, many AYAs do not yet have a fixed
contract and can easily lose their job when they get cancer (depending
on age and working experience). After being cured, AYAs perceive difficulties getting a job since there is ‘cancer’ on their curriculum vitae.
Financial challenges
Lengthy treatment regimens in addition to acute and/or chronic sideeffects may prevent patients from completing education or returning to
work. Reliance on parents, partners or significant others for financial
support can lead to feeling a loss of independence and control. Compared
with healthy peers, AYAs affected by cancer have higher medical costs,
greater loss of productivity and lower household incomes. Financial concerns may reduce treatment compliance as a result of conflicting priorities including childcare, education or work. In countries where health
insurance is required for medical care, those without adequate coverage
may delay seeking medical attention due to the economic burden.
Social Relationships and Functioning
Adolescence and young adulthood is an important period of development for social and romantic relationships. The process of exploring sexuality, considering marriage and planning to have children can be significantly affected by a cancer diagnosis. Altered physical appearance due
to weight changes, alopaecia and surgical scars can impact self-esteem.
Maturing relationships can also be disrupted by feelings of loss of identity
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and emotional or cognitive difficulties. These issues can hinder AYA survivors’ confidence in social situations throughout their lives.
Peer and family relationships
Family dynamics can be affected when an AYA is diagnosed with cancer: either enhancing closeness or leading to emotional barriers and dissociation. AYAs may unexpectedly become dependent upon parents or
significant others for emotional and financial support. Although their
support can be very beneficial, AYAs can be influenced by overprotective relatives, their spouse or partner, which can hinder decision making.
Coping strategies may vary: AYAs may want to protect their families
from sensitive information, whereas family members may wish to discuss issues, or vice versa. AYAs with young families may feel pressure to
continue their role as a parent, even when unwell, due to the conflicting
roles of being a patient and a caregiver for children. Friends may provide
support; however, others who are unsure how to respond may distance
themselves from the AYA. Loneliness and isolation due to long hospital stays, compromised immune system or generally feeling unwell are
commonly described by AYAs, and multi-factorial insecurities can lead
to further restriction of social activities, reduction of friendship networks
and missed opportunities to participate in social gatherings.
Marital relationships
Marriage is another important milestone for many AYAs. Compared with
age-matched controls, AYA cancer survivors are less likely to be married
and are more commonly divorced or separated. While for some couples
a cancer diagnosis can strengthen their relationship, the emotional and
financial burden of a cancer diagnosis can lead to breakdown of relationships, separation or divorce. New romantic relationships may be challenging due to negative body image, low self-confidence and worries
about their fertility. This can reduce the inclination to become involved
in romantic or sexual relationships.
Starting a family
Many AYAs do not have children when they are diagnosed with cancer;
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however, they may wish to start a family in the future. Damage to the
structures of the reproductive system or disruption to the hypothalamicpituitary-gonadal axis due to the cancer and/or its treatment can lead
to temporary or permanent infertility. The risk of infertility is affected
by the type and stage of cancer, cytotoxic drug class and dose, radiation field and dose, surgical extent, age, gender and genetic factors. Parenthood can bring joy and normality to AYA survivors; however, AYAs
may have concerns about whether successful reproduction is possible.
Furthermore, significant anxiety can surround conception and whether
offspring will be affected themselves by congenital defects or growth
restriction and may be at greater risk of malignancy.
Anticancer treatments are often initiated without discussion of the risks
of infertility and options for fertility preservation. Healthcare providers
may not be aware of the absolute risk, chance of recovery, safety and efficacy of fertility preservation options. Failure to adequately explain the
risks of infertility can leave AYA survivors who do not have reproductive
capacity with feelings of regret, guilt for their partner and ultimately
long-term sorrow. Chapter 17 provides an overview of fertility preservation issues and solutions in AYAs with cancer.
Sexual functioning and intimacy
Sexual dysfunction in AYA survivors can arise as a result of cancer and
its treatment. Physical symptoms of their disease and side effects of treatment (e.g. fatigue and nausea) may reduce interest in sexual activities.
Intimacy can also be affected by loss of self-esteem and fear of ‘embarrassment’ of looking different to others. Erectile dysfunction, premature
ejaculation and loss of sensation can impact sexual function and intimacy in males. Women may develop vaginal dryness, atrophy and loss
of sexual desire as a result of anticancer treatments including cytotoxic
therapy, radiotherapy and hormonal-blocking drugs.

Psychosocial Needs of AYA Survivors
The psychosocial needs of AYA survivors differ from those of children
and older adults due to the developmentally important stages in life and
competing demands of school, work and family. AYA survivors often
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have unmet needs for support in returning to work or education, financial
assistance or advice, connection with other peers, information about fertility and access to psychological services.
Work, Education and Finance
As many young adults have newly established independence, children
of their own or large financial demands, AYAs need support maintaining employment or returning to work after treatment. Each patient’s
ability to work largely depends on tumour type, treatment, severity of
side effects and the nature of the work. Support can include access to
occupational therapists, clinician advice regarding ability to work and
communication with the employer to make necessary adjustments, such
as reduced working hours or a phased return. AYAs in education also
need support during treatment to continue their studies. Communication
between the treating team and the institution can facilitate the necessary
adjustments to coursework deadlines and examinations.
Young adults are often the most heavily impacted financially by cancer and its treatment compared with older adults. In addition to loss of
income, AYAs will likely need financial support for practical issues such
as childcare, transportation and elderly care. It is important that resources
and key workers are in place to educate AYAs about the benefits and
charitable grants available, support the completion of applications for
financial assistance and assist AYAs in returning to work or school.
Social Relationships and Fertility
AYAs often need advice on how to discuss the diagnosis and treatment
with friends and family and manage these relationships. Making adjustments for AYAs, such as flexible visiting hours, may help them maintain
relationships during treatment. AYAs may also need support in dealing
with strain in romantic relationships caused by differing coping strategies, financial issues and the severity of the side effects and illness,
particularly as AYAs may be in new relationships. Peer support is important to reduce feelings of isolation and provide first-hand experiences of
treatments and side effects and to provide strategies to cope with these.
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While access to information, fertility and preservation services has
improved over the last few years, discussions still vary greatly by tumour
type, clinician and institution. It is important that discussing effects on
fertility and access to preservation options is a standard-of-care for all
AYAs. As risks to fertility and treatment options often vary by tumour
type and disease progression, fertility counselling needs to be tailored
to the individual to give realistic expectations and take the individual’s
priorities into account.
Sexual dysfunction may occur in AYAs due to psychological factors,
physical factors or both. Male and female patients and their partners
need access to psychosexual therapists who have cancer-specific knowledge to address issues in sexual function or encourage confidence in the
formation of new relationships. Both functional and psychological needs
relating to sexuality should be addressed early in the disease trajectory.
If sexual function is not discussed, patients often believe that problems
cannot be addressed. Counselling regarding sexuality and, more importantly, strategies to mitigate and cope with changes are important to prevent irreversible dysfunction.
Psychological and Informational Needs
AYAs need access to age-appropriate psychological support, as they often
experience increased levels of psychosocial distress, particularly related
to fear of recurrence. Cancer-specific and age-appropriate counselling
that considers competing demands, such as work, school and family,
needs to be accessible during and after treatment for both patients and
loved ones. The optimal type of therapy and time along the treatment trajectory may differ by individual. Many patients find the end of treatment
the most distressing period due to the diminished contact with the healthcare team and the return to normal life. Psychological support during this
transition may be important for supporting AYAs in their return to work
or education. After treatment, AYAs need information about treatment
late effects, risk of recurrence, fertility and positive health behaviours,
such as personalised nutritional recommendations, exercise recommendations and psychological coping strategies.
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Screening Tools for Psychosocial Dimensions
The combination of achieving developmental milestones while dealing
with cancer may have a negative impact on the health-related quality
of life (HRQoL) among AYAs. Assessment of HRQoL in daily clinical practice during the course of cancer is crucial in order to assist in
communication, promote symptom control and patient satisfaction, and
reduce doctor visits and unplanned hospital admissions. To identify psychosocial and HRQoL issues, a number of psychometric screening tools
exist. AYA-specific measures identifying psychosocial issues include the
Assessment of Quality of Life (AQoL) and the Minneapolis-Manchester Quality of Life – Adolescent Form (MMQL-AF). Other instruments
measuring psychosocial issues that have been validated in AYAs include
the Pediatric Quality of Life Inventory (PedsQL) 3.0 Cancer Module,
Quality of Life – Cancer Survivors (QOL-CS), Pediatric Cancer Quality
of Life Inventory-32 (PCQL-32), PCQL Modular Approach and the Personal Experiences Inventory (PEI). Generic HRQoL measures include
the European Organisation for the Research and Treatment of Cancer
Core Quality of Life Questionnaire (EORTC-QLQ-C30) and the Functional Assessment for Cancer Therapy – General (FACT-G). However,
these measures have been validated in populations over the age of 18 and
may not fully capture the issues relevant to this group. The EORTC is
currently developing an AYA-specific quality of life measurement tool.

Psychosocial Interventions
There is limited research evaluating psychosocial interventions in AYA
survivors. Most psychosocial interventions specific to AYAs aim to
improve cancer knowledge, social support, coping skills and physical
activity. Interventions employ a range of skills training, peer and professional counselling, and activities including video games and art therapy.
Digital interventions are acceptable in AYAs and may improve selfefficacy, control, adherence, cancer knowledge, social integration and
autonomy. Counselling interventions can improve body image, distress
levels and cancer knowledge. Exercise interventions may reduce anxiety
and improve physical function and quality of life. Online peer support
groups and age-specific information for AYAs may reduce feelings of
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social isolation and improve knowledge, self-efficacy, problem-solving
skills and effective interpersonal interactions.
Review studies have shown varied results across interventions and have
encountered difficulties comparing interventions due to differing outcome measures. Interventions delivered after patients finish treatment
may have more success in improving psychosocial outcomes than those
delivered during treatment. To our knowledge, there have been no intervention studies to date focusing on improving return to work specifically
in AYAs. However, there is some evidence that multidisciplinary interventions containing physical, psychological and occupational elements
increase rates of returning to work in adult cancer populations.

Follow-up for AYA Survivors
AYA survivors likely benefit from a multidisciplinary approach to longterm follow-up care due to the various psychosocial issues and long-term
and late effects that may arise from treatment. Alongside routine medical professionals, this multidisciplinary team may include nurse specialists, psychologists, social workers, fertility and sexual experts, physical therapists and dieticians. The appropriate model of follow-up care
may vary depending on the healthcare system and resources available.
Follow-up models include shared care between primary practitioners and
oncologists, dedicated survivorship clinics and tumour-specific followup clinics. Transition from acute care to follow-up care is important to
encourage follow-up care uptake and optimal management of late effects
in childhood, adolescent and young adult cancer survivors, and to reduce
feelings of abandonment by the oncology care team. We refer to Chapter 19 for survivorship care plans providing a treatment summary and
guidelines for follow-up, which can reduce the number of unmet needs
in AYAs. Follow-up for AYAs should include appropriate screening for
late effects along with access to fertility and sexuality counselling, programmes supporting educational and occupational skills, financial and
housing support, and age-specific information on long-term effects and
health behaviour recommendations. Support for family members should
also be offered if necessary.
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Overview
Increasing access to clinical trials and innovative therapy for adolescents
and young adults (AYAs) with cancer through:
n Adapted structures/programmes favouring AYA participation in
clinical trials and supporting AYAs along their care
n Appropriate joint adolescent/adult trials from the early phase of
drug development
n Molecular-driven trials taking into account the biological knowledge
in AYA cancers
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Overview (continued)
n

n

Molecular profiling programmes to unravel AYA biological
differences, potential therapeutic targets and genetic predisposition
to cancer
Crucial international paediatric/medical oncology collaborative
networks


Increasing access to clinical trials and innovative therapies for AYAs
(13-15 to 25-39 years old) with cancer is a focal point for many countries
where a specific AYA programme is in place. National AYA groups collaborating at a European level through the European Network for Teenagers and Young Adults with Cancer (ENTYAC) have promoted:
n the importance of strengthening paediatric/medical oncologist collaborations at different levels including individual, disease-specific
scientific societies and paediatric (European Society for Paediatric
Oncology [SIOP Europe) and medical (European Society for Medical
Oncology [ESMO]) oncology societies
n the creation of dedicated units/programmes with the help of national
authorities to increase referral of AYAs to expert centres where trials
are available to them
n the abolition of age criteria as a barrier to drug/trial access from early
phase to phase III trials
n the generation of biobank collections
n biology/molecular and immunology knowledge and biology-driven
trials
n the involvement of AYAs, their parents/carers during drug development and protocol design
It has been shown that:
n the use of paediatric-inspired protocols may increase survival not
only in AYAs but also in older adults (e.g. leukaemia)
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n

n

access to innovative therapies may also improve AYA survival (e.g.
imatinib plus chemotherapy in Philadelphia chromosome-positive
acute lymphoblastic leukaemia [ALL], more often seen in AYAs)
joint paediatric/adult phase III trials are feasible and increase AYA
participation in therapeutic trials (e.g. bone sarcomas, cerebral germ
cell tumours [GCTs])


Thus, the last two decades of acculturation to the specificities of AYA
cancer has contributed to a change in the landscape of AYA oncology.

Towards a Safe Abolition of the 18 Years Dogma
from Early Phase Drug Development
Cancer epidemiology in the AYA population requires double expertise,
from paediatric oncology for paediatric cancers (e.g. embryonic tumours,
ALL), medical oncology for adult-type cancers (e.g. carcinomas, melanoma), and both, for cancers where the peak of incidence occurs in AYAs
(e.g. sarcomas, GCTs, Hodgkin lymphomas [HLs]), with no disease
starting or ending at 18 years old. However, the 18 years age barrier to
drug and trial access, for early phase I/II to phase III trials, has not yet
been abolished, with some exceptions such as first-line phase III trials
in bone sarcomas (e.g. EURO-EWING 99, EURAMOS-1), intracranial
GCTs (no age limit, SIOP CNS GCT II trial, NCT01424839) and the
future first-line and relapsed FaR-RMS trial in rhabdomyosarcoma. The
EURO EWING Consortium (EEC) further developed an inclusive programme with first-line and relapse therapeutic trials, along with ancillary biology studies, advocacy group participation and dissemination
strategy. Conversely, more effort is required to lower the entry age for
adult first-line trials to below 16-18 years for adult-type cancers (e.g.
melanoma, carcinomas), and more interaction is required between medical and paediatric oncologists/haematologists in some AYA cancer types
(e.g. non-intracranial GCTs, HL, non-rhabdomyosarcoma soft tissue sarcomas) to avoid overlapping trials that might otherwise be competitive
and confusing.
The last decade has seen the introduction of a huge number of new therapeutic agents in oncology, with enormous successes for adult patients
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(e.g. BRAF inhibitors and immunotherapy in melanoma; brentuximab
vedotin in HL), but adolescents were left out from these crucial therapeutic advances for many years. Compared with adult drug development,
paediatric drug development (<18 years old) is delayed or not done at
all (waivers are based on the disease being non-existent in children/
adolescents, without considering potential similar targets), partly due to
the lack of biological knowledge in paediatric/AYA cancers. Within the
framework of a paediatric investigation plan (PIP), ‘adolescent’ (12-17
years old) trials were required when the disease exists in the adolescent
population. However, these ‘adolescent’-specific trials appeared unfeasible, considering the rarity of each disease taken individually in adolescents only. Consequently, efficient, innovative drugs already approved in
adults were used off-label in adolescents, without any efficacy and safety
data recorded or translational biological research performed, thus being
strongly suboptimal for any future evidence-based therapeutic development and study of the biology of these rare diseases.
The European multi-stakeholders platform ACCELERATE, grouping
academics from paediatric and medical oncology, pharmaceutical industries, regulators from the European Medicines Agency (EMA)’s Paediatric Committee (PDCO) and patient/parent representatives, has published
consensus papers to:
n favour mechanism of action (MoA)-driven trials
n urge the revision of the European Paediatric Regulation and suppress
Article 11b, which allows product-specific waivers on the grounds
that the associated condition does not occur in children/adolescents
n support the inclusion of adolescents from 12 years old in adult
early phase I/II trials including first-in-class trials, under specific
conditions
Joint adolescent/adult trials are safe, as long as they are based on scientific rationale (disease crosses the age spectrum and has similar biological and clinical behaviour, or when diseases are histologically different
but have similar targets present across the age spectrum); a body surface area-calculated dose is used; trial construction is a collaboration
between paediatric and medical oncologists from the start; toxicity and
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pharmacokinetics are monitored; and the adolescents are still cared for in
an age-appropriate setting. Recommendations were also made:
n to abolish upper or lower age limit criteria for phase II/III trials in AYA
cancers that are present in both the paediatric and adult populations
n to continue to accrue adolescents in paediatric trials where relevant
n to allow young adults with paediatric cancer types to participate
in paediatric phase II/III trials
This joint adolescent/adult approach in early phase trials might be directly
beneficial to adolescents (early access to new efficient drugs; data to support an adolescent indication at the time of the initial ‘adult’ marketing
authorisation application for a given anticancer drug) and indirectly beneficial to adults or children (signal of activity informative for further drug
development) and both (increased biological knowledge of the disease
and its drug sensitivity/resistance). Following this multi-stakeholder consensus work, the Fostering Age Inclusive Research (FAIR) Trial Group
was created within the European ACCELERATE platform to raise awareness and to promote and help the application of these recommendations (https://www.accelerate-platform.org/fair-trials [date last accessed,
7 August 2022]). At the same time, the United States Food and Drug
Administration (FDA) and the American Society of Clinical Oncology
(ASCO) endorsed a similar approach with a lower age limit of 12 years
for early adult trials. Therefore, we can hope that the number of joint
adolescent/adult early phase trials will eventually increase in the coming
years.

Towards an Increased Biological Knowledge for
More Molecular-driven Clinical Trials in the Era of
Personalised Medicine
The technical evolution to perform exhaustive pangenomic molecular
characterisation of tumours at an unprecedented level (array comparative genomic hybridisation [aCGH] and next-generation sequencing,
and whole-exome and RNA sequencing), and the huge collaborative
efforts made at national, European and international levels, have already
changed the oncology landscape in terms of:
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n

n

n

discovery of new entities (distinct histological sub-types, localisation
or age distribution)
modifications of the World Health Organization (WHO) classifications (e.g. sarcomas, central nervous system tumours)
and characterisation of subgroups which might benefit from targeted
treatment


The discovery of histone mutations has led to the reclassification of diffuse
intrinsic pontine glioma (DIPG) to the category of WHO Grade 4 diffuse
midline gliomas with histone mutations. The current molecular-driven Biological Medicine for DIPG Eradication trial (BIOMEDE, NCT02233049)
for newly diagnosed DIPG was amended to include young adults with
non-diffuse pontine midline gliomas and histone mutations.
Some early drug development programmes (phase I/II trials) of specific
drugs were conducted almost simultaneously in adult and paediatric
populations with the same disease (e.g. vismodegib in Sonic hedgehog
[SHH] medulloblastoma) or across diseases (e.g. the tropomyosin receptor kinase [TRK] inhibitor larotrectinib in all TRK-fusion tumours: <1%
of cancers). These joint approaches have allowed a better understanding
of the tumour biology across age and some factors of primary/secondary
drug resistance, either age-dependent (e.g. SHH inhibitors lower sensitivity in the presence of TP53 mutation more often seen in adolescents)
or drug-specific (e.g. TRK inhibitors). Given this success, the nextgeneration TRK inhibitor, LOXO-195 (designed to address acquired
kinase domain-resistant mutations) is being evaluated simultaneously in
a joint child/adult MoA-driven phase I/II trial (NCT03215511).
Molecular profiling programmes to identify actionable targets (52% in
adult patients, 61% in children/adolescents) have opened a new area for
personalised medicine and shown that they can improve outcomes in
a subset of patients with hard-to-treat cancers. Molecular and immune
profiling of incurable relapsed/refractory malignancies in >1000 children and AYAs up to 21-25 years has been conducted with the different paediatric-initiated European molecular profiling programmes under
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the umbrella of the Innovative Therapies for Children with Cancer
(ITCC) Consortium (http://www.itcc-consortium.org [date last accessed,
7 August 2022]):
n MOlecular
Screening for CAncer Treatment Optimization
[MOSCATO-01, NCT01566019] 2012-2016
n MoleculAr Profiling for Pediatric and Young Adult Cancer Treatment
Stratification [MAPPYACTS, NCT02613962] from 2016
n INdividualized Therapy FOr Relapsed Malignancies in Childhood
[INFORM]25
n Towards Individualized Therapies for Children with Relapsed/
Refractory Malignancies using Molecular Profiling [DCOG-ITHER,
NTR5915]
n Stratified Medicine Paediatrics [SMPaeds]
The ‘adult’-initiated Screening Cancer Patients for Efficient Clinical
Trial Access (SPECTA, NCT02834884) programme, sponsored by the
European Organisation for Research and Treatment of Cancer (EORTC),
molecularly profiled patients ≥12 years with adult-type cancers and had an
AYA-specific cohort with rare malignancies (12-29 years old: bone/soft
tissue sarcomas, high-grade diffuse astrocytomas). These programmes
require an increase in the number of available MoA-driven trials to avoid
off-label use of anticancer targeted drugs when an actionable target is
found. For example, the profiling programme MAPPYACTS feeds into
the therapeutic proof-of-concept trial AcSé-ESMART (NCT02813135),
where different arms cover the most frequently detected altered pathways (targeted therapies combined with other targeted or chemotherapeutic agents). Other molecularly driven therapeutic programmes exist
across Europe (e.g. AcSé-crizotinib, AcSé-vemurafenib, INFORM2).
Molecular profiling programmes have also proven useful for the detection
of germline mutations predisposing to cancer, more often seen in AYA
patients, which might influence further therapeutics (e.g. BRCA mutation
and poly(adenosine diphosphate-ribose) polymerase [PARP] inhibitors).
These are also revealing previously unknown mutations, (e.g. paediatric
myelodysplastic syndromes).
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Essential Multidisciplinary Centralised AYAspecialised Infrastructure to Facilitate Early Access
to Clinical Trials
Unlike paediatric cancer care, where all children are referred to a specialised paediatric cancer centre with a portfolio of child-specific trials,
AYAs are dispersed across paediatric and adult centres and specialised
and non-specialised centres, which negatively impacts the AYA trial inclusion rate. For cancers in AYAs that also affect children, it is suggested
that AYAs should be treated in an integrated paediatric-adult multidisciplinary setting, to increase the likelihood of AYA clinical trial inclusion and
improve family and social support. Dedicated AYA units and services have
been developed in several countries across Europe over the last decade,
with increasing help from health authorities. However, referral of adolescents and especially young adults to these specialised clinical wards is not
systematic, even in countries with highly sophisticated models. This effect
is particularly evident for phase I/II trials which are only open in a limited
number of adult or paediatric expert centres, and referral depends on the
benefit to the patient as perceived by the physician. While some clinicians
might be reluctant to refer AYA patients to other centres, the severity of
the illness might positively influence the AYA’s decision to enrol in a trial.
Awareness by the physician and the AYA themselves is crucial to improve
referral to appropriate centres and patient accrual in early trials.
Multidisciplinary paediatric/medical oncology discussions bring more
insight to the decision to propose trials to AYAs. As an example, in
France, a dedicated weekly national neuro-oncology web-based conference is held by paediatric and medical neuro-oncologists treating AYAs
(15-25 years) and older adults, with a paediatric-type central nervous
system tumour (e.g. medulloblastoma, GCTs, embryonic tumours,
ependymoma and pilocytic astrocytoma). This has led to an increased
rate of inclusion in protocols for AYAs as well as for older adults (e.g.
in SIOP-CNS-GCT-II first-line intracranial GCT trial [NCT01424839],
in MEVITEM relapse adult medulloblastoma protocols [EudraCT 2011003372-37]).
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Conclusion
Together with the work done by national and European AYA groups to
implement an AYA culture and adopt structures/programmes that favour
AYA participation in clinical trials and support them along their care,
increasing access to clinical trials and innovative therapy for AYAs will
further speed up in the coming years by the implementation of:
1. joint adolescent/adult early phase drug development trials
2.	molecularly driven trials considering the increasing biological knowledge in AYA cancers and
3.	
the promotion of molecular and immune profiling programmes
at relapse and at diagnosis to continue to unravel AYA biological
differences across the age spectrum
This will only be achieved through a strong collaboration between
paediatric and adult oncologists at the national and international level,
together with a real support and committment from health authorities
and pharmaceutical companies.
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		 endocrine disease, 189
		
hypothalamic-pituitary
dysfunction, 189
		 infertility, 119, 181, 197
		 pregnancy complications, 201
		second malignancies after, 99,
108, 180t, 181, 182
neck, thyroid cancer risk after, 192
palliative, in metastatic melanoma,
153
pelvic
		 fertility preservation, 198
		 infertility risk, 197
		 pregnancy termination, 206
		 second cancer surveillance, 191
in pregnancy, 201, 207
in salivary gland carcinoma, 160
scrotal, 119
in seminoma, 120
in soft tissue sarcomas, 99
in spinal cord compression, 173
testicular, infertility risk, 197
in testicular cancer, toxicity, 183
in testicular GCTs, 120
toxicities, 180t, 182, 183
		
long-term see Radiotherapy, late
effects
		 short-term/intermediate, 180t, 181
uterine, 197
Index
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Ranitidine, 210
RANK ligand (RANKL), 125
Rapamycin, 164
Rapport, building, 30, 32–33, 34, 41
Rare tumours, 156–167
definition and incidence rate,
156–157, 157f, 158f
treatment recommendations, 159
see also Gonadal tumours; Liver
tumours; Pancreatic tumours;
Salivary gland carcinoma
Rasburicase, 171
RB1 gene, osteosarcoma and, 105
R-CHOP regimen, 72, 73
toxicity, 73
‘Referral delay’, 4–5
Referral of AYAs, 245
in bone sarcomas, 105–106
to dedicated AYA units and services,
245
to expert centres/tertiary care, 5t,
6–7
		 GCTs, 115, 119, 121
		 increasing trial access, 121, 239
		 in pathway of care, 5t, 6–7
		 soft tissue sarcoma, 93, 94
to fertility specialists, 201
to oncologists see Oncologists
for phase I/II trials, 245
Rehabilitation, 5t
brain tumour survivors, 87
lack of expertise, 5t
monitoring during, 8
Relationships
family see Family
marital, 229, 230
patient–clinician see Patient–
clinician relationship
peer, 230, 232
social see Social relationships
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Relatives see Family
Renal replacement therapy, 171
Renal tumours, 158f
Respiratory diseases, late effect of
treatment, 185
Reticuloendothelial neoplasms,
incidence, 157f
Retinoblastoma, hereditary, 105
Retroperitoneum, Ewing sarcoma of,
164
Rhabdoid tumours, liver, 162
Rhabdomyosarcoma (RMS)
alveolar subtype, 92, 94, 96–97
		 compartment syndrome, 174
		 diagnostic delay, 171
		PAX3-FOXO1-positive, 171
centralisation of care, 93, 94
chemosensitivity, 97
chemotherapy, 97
differences from children/adults, 92,
93, 94
embryonal, 94, 96–97
genetic predisposition, 99
incidence by age, 91f
micrometastatic disease, 97
outcome, and possible reasons for,
92–93, 94
overall survival, 92
survival, 21, 92
treatment, 94, 96–97
		 clinical trials, 240
unfavourable biological type, 92
Risk factors (of cancer)
environmental, 4, 25, 158
genetic, 25, 26, 46–47, 50, 158
for infertility, 196–197
virus infections, 24, 25
Rituximab
mature B-cell lymphoma, 73
non-Hodgkin lymphoma, 72, 73

in pregnancy, 209
RNA sequencing, 242
RNF43 gene, 136t, 137
Rothmund-Thomson syndrome, 105
Round cell sarcomas, EWSR1-fusionnegative, 105
RSMA protocol, 84, 85

S
Salivary gland adenoma, 159
Salivary gland carcinoma (SGC),
159–160
differential diagnosis, 159
incidence, 158f
treatment, 159–160
Salpingo-oophorectomy, 126
Sarcoma
bone see Bone sarcomas
liver, 162
soft tissue see Soft tissue sarcomas
(STSs)
surgery, complications, 179
synovial see Synovial sarcoma (SS)
undifferentiated pleomorphic, 92
Sarcoma referral centres, 94
School
help, for brain tumour patients, 87
returning to after treatment, 8
see also Education
Screening
harm of, in survivors, 188
psychosocial see Psychosocial
screening and assessment
repeated, 31
survivors, for late effects, 188
Second malignancies, 184–185, 217
after bone sarcomas, 108, 110
after brain tumours, 87

after breast cancer, 183
after cervical cancer, 182
after GCTs, 121, 183
after Hodgkin lymphoma, 70, 184,
185
after melanoma, 184, 185
radiotherapy associated, 99, 108,
180t, 181, 182
after soft tissue sarcoma, 90, 98–99
surveillance/screening for, 191–192
after testicular cancer, 183
‘Secondary findings’, genome
sequencing, 50
SEER programme/database, 16, 20
chronic myeloid leukaemia survival,
61
incidence of tumours by age group,
16, 157, 157f, 158f
pancreatic tumour incidence, 164
second cancer risk, 184
soft tissue sarcoma, 91f, 92, 99
survival estimates, 20
Seizures, 172, 176
Self-esteem, 228, 229, 231
Self-isolation, 230, 232, 235
Semen collection, methods, 199
Semen cryopreservation, 119, 199
Seminoma, 113, 116, 120
treatment, 120
Sentinel lymph node biopsy (SLNB)
juvenile melanoma, 149
in pregnancy, 206
Sentinel node mapping, pregnancyrelated breast cancer, 131
Septic shock, 169–170
Serotonin (5-HT3) receptor
antagonists, 210
Sertoli-Leydig cell tumours (SLCTs),
160–161
treatment, 162
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Sex cord-stromal tumours (SCSTs),
114t, 160
hereditary disorders with, 161
hormone secretion, 160–161
ovarian, 116
prognosis by stage, 161–162
Sertoli-Leydig cell see SertoliLeydig cell tumours (SLCTs)
treatment, 161–162
Sex steroid supplementation, 201
Sexual dysfunction, 231
support, 233
Sexual functioning, survivors, 231
Sexuality issues, 186, 231
after breast cancer, 130
support for, 233
SHH-activated medulloblastomas, 83,
243
Short stature, 181
Short-term effects of treatment see
Toxicities of treatment in survivors
Sick leave, 229
Simian virus 40, 25
SIOP CNS GCT II protocol/trial, 84,
85, 245
SIOP PNET 5 protocol, 84
Skin carcinoma
basal cell, 148
second cancer surveillance, 191–192
squamous cell, 148
time trends in incidence rates, 17
Skin lesions, 48, 139
SMAD4 gene mutation, 136t, 137
Small blue round cells, 81
Small-for-gestational-age (SGA)
babies, 208, 211
SMARCA4 mutations, 46, 161
Smoking, 158, 159
Social isolation, 228, 230
Social issues, 222
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genetic/genomic testing, 48–49
see also Psychosocial challenges, in
survivors
Social networks, 228
Social relationships and functioning,
229–231
needs of survivors and support for,
232–233
see also Psychosocial challenges, in
survivors
Social workers, 8
Socio-economic development, cancer
incidence rate association, 18
Soft tissue sarcomas (STSs), 90–102
adult-type, in AYAs, 92, 96
		 targeted therapies, 98
aetiological factors, 25–26, 99
centralisation of care, impact, 90,
93–94
chemosensitivity uncertain, 96
collaboration with paediatric/adult
sarcoma groups, 90, 96, 99
compartment syndrome, 174
delayed diagnosis, 90, 94–95
diagnosis, centralisation role, 90,
93–94
epidemiology, 91–92
		age-related incidence rates, 16,
17f, 91, 91f
		gender-specific incidence rate,
17f
		 incidence, 90, 91, 157f
genetic predisposition, 99
late effects of treatment, 90, 98–99
multidisciplinary approach needed,
95, 99
non-rhabdomyosarcoma (NRSTSs),
91f, 92
		 centralisation of care, 93–94
prognosis, 4

		 by age and reasons for, 92–93
rhabdomyosarcoma see
Rhabdomyosarcoma (RMS)
second malignancies, 98–99
spinal cord compression, 173
subtypes, 90, 91, 91f
		 by age group, 91f
survival, 21, 90
		 by age at diagnosis, 22
		 decrease with age, 90, 92
		 by gender, 22
survival rates, 90, 92, 98
symptom interval, 94
treatment, 90, 92, 95–98
		 challenges in AYAs, 95
		at comprehensive cancer centre,
95
		current, 95–97
		paediatric vs adult, 96
		radiotherapy, 99
		 risk-adapted approach, 96, 97f
		 targeted therapy, 98
see also specific subtypes
SOFT trial, 128
Solid pseudopapillary neoplasms
(SPNs), 164, 165
Solitary fibrous tumour, 98
Sonic hedgehog (SHH)-activated
medulloblastomas, 83, 243
SPECTA programme, 244
Spermatogenesis, 196, 197, 200
Spinal cord compression, 173
management, 173
Spitz melanoma, 143
diagnosis, 145
histology, 145, 145f
Spitz naevus, 143
histology, 143, 144f
Spitz tumours, atypical (ASTs), 143,
146f

Spitzoid cells, 144f, 145f, 146f
Spitzoid melanoma, 145f
Steroids, in pregnancy, 210
Stillbirths, 208
STK11 gene mutation, 26, 137
Stress, 5, 222, 228
impact on working-memory and
attention, 35
see also Anxiety and depression
Sun exposure, 147
Sunitinib, 98
Superior mediastinal syndrome, 174
Superior vena cava (SVC) obstruction,
169, 174
Support, for psychosocial issues see
Psychosocial support
Support team, 5t, 7–8
Supportive therapy, in pregnancy,
210–211
Suprasellar tumours, 86
Surgery
bone sarcomas, 106, 107–108
breast cancer, 127–128, 130
breast-conserving, 127–128
cancer during pregnancy, 206
cervical cancer, 206
fertility preservation, 198
GCTs, 119, 120
hepatocellular carcinoma, 164
impaired fertility after, 197
late effects in survivors, 179, 180t,
181
limb-salvage, 107
medulloblastoma, 84
melanoma, 179
pregnancy complications after, 206
rare ovarian tumours, 161
resection margin
		 bone sarcomas, 107
		 juvenile melanoma, 148–149
Index

291

		 salivary gland carcinoma, 159
toxicities, 179, 180t, 181
SurPass (Survivorship Passport), 219
Surveillance, for late effects, 187–188,
217, 218t
Surveillance, Epidemiology, and
End Results (SEER) see SEER
programme/database
Survival from AYA cancer, 18–23, 46
by age at diagnosis, 22–23
by cancer type, 18, 20, 21
differences from children/older
adults, 21, 46
by gender, 22, 23f
geographical variation, 20
innovative therapy improving, 240
international estimates, 20
relative (RS), 20
		 by age at diagnosis, 22
		 temporal trend, USA, 21
temporal trends, 20–21
		factors responsible for increases,
21
see also specific cancers
‘Survivor disengagement’, 221
Survivorship Passport, 219
Survivorship programmes, 188
long-term toxicity after Hodgkin
lymphoma, 70
Survivorship/survivors, 5t, 8, 215–226
beliefs and perceptions, impact of
cancer, 222
cardiovascular disease see
Cardiovascular disease, as late
effect
care, guidelines, 188
chronic health conditions, 216
epidemiology, 216–217
follow-up see Follow-up; Longterm follow-up (LTFU)
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increased risk of mortality/
morbidity, 216
infertility impact see Infertility
late effects in see Late effects in
survivors
lifestyle issues/interventions, 218t,
223–224
long-term follow-up see Long-term
follow-up (LTFU)
‘lost to follow-up’, 220
median age, 216
parenthood in, 231
poor knowledge about cancer and,
219
psychological issues see
Psychological issues, in survivors
psychological/emotional health, 222
psychosocial challenges see
Psychosocial challenges
psychosocial needs, 227, 231–234
psychosocial screening/follow-up,
223, 235
toxicities in see Toxicities of
treatment
transition from child- to adultorientated services, 220–221
tumour types, 178
Symptom(s)
persisting, types, 6
reluctance to report/neglecting by
AYAs, 4, 5, 45
		 soft tissue sarcomas, 94–95
Symptom interval, 4–5, 45, 94–95
see also Diagnosis of cancer, delay
Symptom presentation, 4–6, 5t
‘patient delay’, 4–5, 45, 94–95
referral imperative after, 6
Synovial sarcoma (SS)
age-related incidence, 91f
differences from other STSs, 96

metastatic spread, risk prediction,
93
outcome (children/AYAs/adults), 92
		 possible reasons for, 93
treatment, 95–96
		 chemotherapy, 95, 96, 97f
		 risk-adapted approach, 96, 97f
		‘RMS-like’ strategy, shift from,
96

T
Tamoxifen
breast cancer treatment, 128
in pregnancy, 209
Targeted therapy
breast cancer, 128–129
development and regulations
limiting, 98
juvenile melanoma, 150–151
		metastatic, 153
in pregnancy, 209
soft tissue sarcomas, 98
Taxanes
familial breast cancer, 127
in pregnancy, 131, 208
‘Teach-back’ method, summarising
information, 35
Teenagers, definition, 2
Temozolomide, high-grade glioma, 85
Temperature, febrile neutropenia, 169
Teratoma, with malignant
transformation, 120
Testicular tumours, 114t
epidemiology
		age-standardised incidence rate,
117f
		 in Europe, 14
		 time trends in incidence rates, 18
familial predisposition, 117

GCTs see Germ cell tumours
(GCTs)
infertility after, 119, 186
survival/survivors, 21, 178
toxicities of treatment, 183
		 late effects, 183, 186
Testosterone
deficiency, 196
measurement, 198
TEXT trial, 128
Therapy, innovative, 239, 240
Thrombocytopaenia, 175
Thrombosis, superior mediastinal
syndrome, 174
Thymus, carcinomas, 158f
Thyroid cancer
incidence, 14, 157f
		age-related incidence rates, 16,
17f
		time trends in incidence rates, 17,
18
risk after neck radiotherapy, 192
surgery, complications, 179
survival, 21
		 by gender, 22
Thyroid dysfunction, risk, screening
for, 189
Thyroid stimulating hormone (TSH),
189
Thyroxine (T4), 189
TIGER trial, 120
TIP regimen, testicular GCT, 120
T-lymphoblastic lymphoma (T-LBL),
71, 74
TNM classification
hepatocellular carcinoma, 163
testicular GCTs, 119
Toxicities of treatment in survivors,
178–194
by cancer type, 178, 182–184
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of chemotherapy, 180t, 181–182
of HSCT, 180t, 182
importance in AYAs, 179
intermediate-term effects, 180t
late effects see Late effects in
survivors
minimisation, 8
of radiotherapy see Radiotherapy
short-term effects, 180t, 228
		 of chemotherapy, 180t, 181
		 of HSCT, 180t, 182
		 of radiotherapy, 180t, 181
		 of surgery, 179, 180t
of surgery, 179, 180t, 181
TP53 gene mutation, 25, 26, 51, 136t,
243
familial breast cancer, 126
hepatocellular carcinoma, 163
osteosarcoma, 105
soft tissue sarcoma, 99
Tracheal carcinoma, survival
by age at diagnosis, 22–23
by gender, 22
Trametinib, 151
Transition from acute care to follow-up
care, 235
Transition from child- to adultorientated services, 220–221
barriers, 221
PCSF evidence-based guidelines,
218t, 221
as planned process, 221
timing and state of health, 220
see also Long-term follow-up (LTFU)
Trastuzumab, 129
contraindications, 131
in pregnancy, 131, 209
Treatment
curative intent, 8
decision-making, AYA involvement, 34
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end of, psychosocial impact, 233
involvement of AYAs in, 34
molecular testing for, 50–51
support team during, 7–8
tolerance by AYAs, 23, 85, 94, 179
toxicities see Toxicities of treatment
in survivors
see also specific cancers and
treatment modalities
Treatment plan, 7
Trichilemmoma, 48
Triple-Negative Trial (TNT), 127
Trophoblastic tumours, 157f
Tropisetron, 210
Tumour lysis syndrome (TLS), 71,
170–171
biochemical abnormalities, 171
prevention, 170–171
risk factors and tumours types, 170
Tumour markers
cancer during pregnancy, 205
germ cell tumours, 118
hepatocellular carcinoma, 163
Turner syndrome, 117
Tyrosinaemia, hereditary, 163
Tyrosine kinase inhibitors (TKIs), 243
chronic myeloid leukaemia, 61–62
LOXO-195, 243
in pregnancy, 209
toxicity, 61, 62, 189

U
Ultrasound
diagnosis of cancer during
pregnancy, 206
hepatocellular carcinoma, 163
testicular GCT diagnosis, 118
Ultraviolet (UV) sun radiation, 4, 26

United States of America (USA)
acute myeloid leukaemia treatment,
60
cancer mortality rates, 24
incidence rates, cancer types, 14, 18
survival rates, 20
		 by cancer type, 21
		 temporal trends, 20–21
University, returning to after treatment, 8
Urate oxidases, 171
Urinary bladder carcinoma, 158f
Urinary tract carcinoma
after cervical cancer treatment, 183
survival, by gender, 22
Uterine cervix, cancers see Cervical
cancer
Uterus, carcinoma
age-related incidence rates, 16, 17f
time trends in incidence rates, 18

V
Vagina, cancer, 4
Veliparib, 127
Vemurafenib, 153
Vinblastine
anaplastic large-cell lymphoma, 75
Hodgkin lymphoma, 68, 69
in pregnancy, 208
Vincristine
anaplastic large-cell lymphoma, 75
Ewing sarcoma, 109
hepatoblastoma, 163
Hodgkin lymphoma, 68, 69
mature B-cell lymphoma, 73
neurotoxicity, 94
in pregnancy, 208
rhabdomyosarcoma, 97
VIP regimen, testicular GCT, 120
Virally mediated AYA cancers, 4, 24,

25
hepatocellular carcinoma, 163
HIV role, 21, 25
Vismodegib, 243
Visual field, decrease, 82
Vomiting, 82, 172, 181
see also Nausea and vomiting
Von Willebrand disease (vWD),
acquired, 175
Von Willebrand factor (vWF), 175
Vulva, cancer, 4

W
Weight loss, persistence/gradual, 6
Wellbeing, physical and psychosocial,
7–8
Werner syndrome, 105
Whole exome sequencing, 242
colorectal cancer predisposition,
139, 140
Whole genome sequencing, colorectal
cancer predisposition, 140
Wnt pathway, inhibitor (RNF43 gene),
137
Wnt-activated tumours, 83
Work (employment) see Employment
challenges
Working with AYAs, 31, 32
Work-up, 7, 118
World Health Organization (WHO)
classification of testicular GCTs,
113, 114t–115t
classifications, modified due to
molecular characterisation, 243
definition of teenagers and young
adults, 2
salivary gland carcinoma, 159
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X
Xanthine oxidase inhibitors, 171
Xeroderma pigmentosa (XP), 147–148

Y
Young adults, definition, 2
see also Adolescents and young
adults (AYAs)
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