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A B S T R A C T

Background: Advancements in cancer treatment have led to increased survival rates among young adult cancer 
survivors (YACS). However, these individuals face unique long-term health risks, including secondary malig
nancies, cardiovascular disease, and psychosocial challenges. Effective long-term surveillance strategies are 
critical to mitigating these risks and improving health outcomes. This scoping review aims to summarize existing 
recommendations for long-term surveillance of YACS, identify gaps in current guidelines, and highlight areas for 
future research.
Methods: A scoping review was conducted using Pubmed focusing on peer-reviewed literature published between 
January 2015 and January 2025 that addresses post-treatment (>5 years after diagnosis) follow-up strategies for 
YACS. The review synthesizes recommendations across various cancer types, treatment modalities, and long- 
term effects.
Results: The review identified 32 recommendations. Of all eligible articles initially retrieved, 169 different ar
ticles were included after screening and eligibility. Findings indicate a lack of standardized, age-specific sur
veillance guidelines, with most recommendations adapted from pediatric or adult oncology frameworks. 
Emerging evidence suggests that risk-based, personalized surveillance approaches—incorporating genetic pre
disposition, treatment history, and lifestyle factors—may optimize long-term health outcomes.
Discussion: This review underscores the need for age-appropriate, evidence-based surveillance guidelines tailored 
to YACS and highlights the importance of multidisciplinary care models to support survivorship. Future research 
should focus on developing standardized, risk-stratified surveillance protocols and evaluating their impact on 
health outcomes.

Abbreviations: alloSCT, allogeneic stem cell transplantation; AYA, adolescents and young adults; BP, blood pressure; CCS, childhood cancer survivor; CNS, central 
nervous system; CRCI, Cancer-related cognitive impairment; FCR, Fear of Cancer Recurrence; GC, Glucocorticoids; (N)HL, (Non-)Hodgkin lymphoma; LTFU, long- 
term follow-up; RT, Radiotherapy; QoL, Quality of life; SMN, secondary malignant neoplasms; TKI, Tyrosine kinase inhibitors; YA, young adults; YACS, Young adult 
cancer survivors.
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Introduction

Worldwide, the incidence of cancer in young adults (YAs) has been 
increasing over the last decades [1]. This cohort includes persons 
diagnosed with cancer aged between 18 and 39 years and often referred 
to as adolescent and young adults (AYA) extending cancer patients from 
the age of 15 years [2]. These patients face a diverse range of cancers 
(Fig. 1), from pediatric (e.g., leukemia, brain tumors) to adult types (e. 
g., breast cancer, melanoma) and unique YA-specific cancers (e.g., 
testicular cancer, sarcomas) [1,3]. Cure rates are high, exceeding a 5- 
year survival of 80 % for most cancers [4]. With a life expectancy of 
50–60 years post-diagnosis, the number of survivors is rapidly growing, 
exceeding 633,000 in the United States and approximately 500,000 in 
Europe, including childhood cancer survivors [2,5,6].

Young adult cancer survivors (YACS) are at increased risk of chronic 
health conditions, so called late effects of cancer and its treatment, and 
of late mortality, warranting long-term surveillance and survivorship 
care [2,7]. However, as opposed to childhood cancer survivors (CCS), 
many different medical disciplines are involved in primary cancer 
treatment, depending on cancer entity, rendering it more difficult to 
assemble all YACS in a common survivorship program. Additionally, 
YACS differ from other cancer survivorship cohorts like CCS and older 
adult (>40 years) cancer survivors in terms of the spectrum of cancer 
types, the respective cancer biology, specific psychosocial needs and the 
spectrum of long-term sequelae [8].

Some attempts have been made to summarize cancer survivorship 
recommendations for YACS including a surveillance program focusing 
on four major topics (neurocognitive function, secondary malignant 
neoplasms (SMN), cardiotoxicity and endocrine dysfunction). These 
recommendations were partly adapted from survivorship recommen
dations for CCS [5]. Furthermore, cancer survivorship recommendations 
have been developed by experts and medical societies for specific cancer 
entities that often include surveillance recommendations for SMN, 

(psycho)social challenges in long-term cancer survivorship and health 
promotion, but may lack guidance for organ-based toxicity like endo
crinopathies, heart diseases and liver or kidney dysfunction as well as 
specific recommendations for YACS [9–12]. During the last years, some 
long-term follow-up (LTFU) recommendations for CCS provided by the 
International Guideline harmonization group IGHG have been extended 
to YACS although the target populations differ and do not include cancer 
survivors diagnosed up until the age of 39 years [13,14].

In addition to the lack of evidence-based guidelines, there is a wide 
range of other barriers that hinder the utilization of long-term follow-up 
care. Barriers to survivorship care for YACS are multifaceted, spanning 
interpersonal, organizational, individual, and infrastructural levels 
[15]. Many primary care providers lack training and confidence in 
managing long-term effects, while oncologists report limited time and 
knowledge, particularly around psychosocial needs. Organizationally, 
clinics often lack systems to address social determinants of health, such 
as financial and logistical challenges. On an individual level, AYAs face 
fears of recurrence, unclear follow-up guidance, and competing life re
sponsibilities that delay care. Infrastructural issues—especially in rural 
areas—include limited access to survivorship services and insufficient 
funding. Addressing these challenges requires multi-level strategies that 
strengthen provider capacity and improve patient access to resources.

To date, many models of survivorship care address the range of 
physical, psychosocial, and supportive care needs of YACS insufficiently 
[16]. Comprehensive evidence-based surveillance recommendations for 
YACS are essential to support the development of appropriate survi
vorship programs that combine both effectiveness and affordability for 
this cohort. Therefore, the aim of this scoping review is to explore the 
literature on recommendations for organ-based as well as psychological 
long-term surveillance measures in young adult cancer survivors and to 
assess to what extent these recommendations are evidence-based. 
Furthermore, we aim to identify evidence gaps to concerning 
screening tools and intervals for early detection of late effects in young 

Fig. 1. Cancer Incidence in Adolescents and Young Adults in Europe. Downloaded from Cancer TODAY (https://gco.iarc.fr/today/en).
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adult cancer survivors that should be addressed in future research.

Methods

Eligibility criteria

The target population for this scoping review were young adult 
cancer survivors (YACS), diagnosed with cancer between the age of 18 
and 39 years who had completed their cancer treatment 5 or more years 
ago. The outcomes of interest were guidelines, Delphi panel and 
consensus statements, systematic literature reviews, position papers 
and/or original articles focusing on late effects and their surveillance in 
YACS. Publications on adult cancer survivors with subgroup analysis for 
YACS who were 5 or more years post-treatment were included. Publi
cations from intervention and/ or qualitative studies, commentaries, 
study protocols, editorials or case studies were excluded. If no YACS- 
specific data were available, recommendations from other survivor 
groups were adapted and marked accordingly. Publications must have 
been published between January 1st, 2015 and January 31st, 2025 with 
the full text available in the English language to be included in the 
review.

Sources of information

We conducted a structured literature search in the Pubmed database. 
The search was performed for each subchapter separately between 
September 30th, 2024 and January 31st, 2025 and was updated for all 
chapters between February 1st and February 15th, 2025. In addition to 
the databases, we searched 6 websites of professional organizations to 
detect guideline recommendations that might have been missed with the 
Pubmed database search. This included the websites of the European 
Society for Medical Oncology (ESMO), American Society of Clinical 
Oncology (ASCO), National Comprehensive Cancer Network (NCCN), 
International Guideline Harmonization Group (IGHG), American Cancer 
Society (ACS), American College of Medical Genetics (ACMG). Addi
tionally, we performed hand searching and citation searching.

Search strategy

The search was based on the combination of two search terms: young 
adult cancer survivor + the respective late effect. In some subchapters, 
this referred to several search terms as outlined in supplemental Fig. 1. A 
list of search terms can be found in the supplement including the se
lection process for each chapter according to PRISMA [17]. Cross- 
references have been included and marked accordingly to illustrate 
overlaps and links between the different chapters.

Selection process

EndNote X9, a reference managing software, was used to import the 
searches from the databases. Duplicates were removed by hand for each 
chapter. Grey literature identified by hand-search and citation search 
was imported into EndNote X9 directly. For each subchapter, two 
responsible authors were identified who screened each record. Publi
cations on childhood cancer survivors, those diagnosed at 40 years or 
older, and short-term (within the first five years after completion of 
therapy) treatment complications were excluded. Single-center studies 
were only included if no other study was available. Full-text publications 
not meeting the inclusion criteria were excluded based on an order of 
exclusion list (see supplemental Fig. 1).

Data charting and synthesis of results

For each included publication, the author, year, intended population, 
late effect, recommendation for late effect surveillance and publication 
type were extracted and recorded on an Excel spreadsheet. The types of 

publications were categorized as follows: guidelines, consensus state
ments/ position papers, review articles and original articles. For this 
scoping review, according to PRISMA, a critical appraisal of the included 
studies was not carried out.

In this scoping review, we present recommendations for different 
organ-based as well as psychosocial and neurocognitive late effects 
divided in the sections background, population at risk (based on 
treatment-exposure and primary cancer) and surveillance as well as 
prophylaxis recommendations, if applicable. Each subchapter 
(excluding “further late effects” and “hereditary cancer syndrome”) in
cludes a table illustrating if specific literature and guideline recom
mendations for YACS are available and if the recommendation refers to a 
surveillance modality or to late effect awareness. The type of literature is 
illustrated in four categories: “G” for guideline; “C/P” for consensus 
statements/ position paper; “R” for reviews and “O” for original article. 
Treatment of late effects mostly corresponds to the recommendations for 
the general population. However, cumulative chemotherapy/ radio
therapy doses need to be considered in survivors with SMN rendering it 
reasonable to treat these patients in specialized centers.

Surveillance recommendations for primary cancer recurrence are 
beyond the scope of this review.

Two figures (Figs. 3 and 4) present common physical and psycho
social late effects in YACS. Table 1 summarizes the recommendations for 
follow-up care in these late effects while supplemental Table 1 sum
marizes late effects and surveillance recommendations according to the 
treatment exposure.

Results

Search results

The search strategy identified 13,687 records. An additional 38 
publications were identified by hand and citation searching. Overall, 
1090 records were removed as duplicates; 12,597 underwent title and 
abstract screening. 1352 records were selected for full text review, with 
21 records unable to be retrieved for review. There were 1177 articles 
excluded due to the following reasons: different population (n = 722); 
single center studies (n = 127); irrelevant outcome (n = 289) and other 
reasons (n = 39).

In total, 225 articles met the selection criteria for data extraction. 56 
of these articles were duplicates and were cited in two or more of the 
subchapters (6 guidelines, 7 consensus statements/ position papers, 19 
reviews and 24 original articles). Thus, 169 different articles were 
included in the subchapters; 25 (14.8 %) of them were guidelines, 53 
(31.4 %) were literature reviews, 16 (9.4 %) consensus statements/ 
position papers and 75 (44.4 %) original articles. Additionally, 5 reviews 
and 3 original articles based on adult CCS were included in the sub
chapters but excluded from the summary table for each subchapter. One 
additional guideline identified by hand searching was included although 
it does not target late effects in YACS specifically (2.9, hereditary cancer 
syndromes). Fig. 2 represents the PRISMA flowchart for the overall 
analysis. Supplemental Fig. 1 presents the selection process for all sub
chapters and the included literature.

We identified recommendations for 32 topics, presented in 33 sub
chapters (including a chapter “further late effects”) in 4 different chapters 
summarizing organ-based surveillance recommendations, screening for 
subsequent malignant neoplasms and special subgroups as well as psy
chosocial impact of cancer treatment. Original articles were identified 
for 26 out of 32 recommendations (81 %). 20 out of 32 (62,5 %) rec
ommendations were derived from evidence-based guidelines that 
included YACS as a target population to varying degrees; however, none 
of the recommendations exclusively focused on YACS.

Organ-based LTFU recommendations (surveillance 
recommendations)

1.1 Bone diseases.
1.2 Cardiotoxicity.
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1.3 Early menopause and hormone replacement therapy.
1.4 Endocrine disorders.
1.5 Hepatic late effects.
1.6 Infertility.
1.7 Neurotoxicity.
1.8 Ototoxicity.
1.9 Pulmonary late effects.
1.10 Renal dysfunction
1.11 Secondary Immune Deficiency.
1.12 Sexuality.
1.13 Further late effects.
Subsequent malignant neoplasms (SMN)
2.1 Breast cancer.
2.2 Colon/ gastric cancer.
2.3 Intracranial tumors.
2.4 Lung cancer.
2.5 Sarcoma.
2.6 Skin cancer.

2.7 Thyroid cancer.
2.8 Hematologic malignancy.
2.9 Hereditary cancer syndromes.
3 Special subgroups
3.1 CAR-T-cell therapy.
3.2 Immunotherapy.
3.3 Stem cell transplantation.
3.4 Targeted therapies- Tyrosine kinase inhibitors.
3.5 Pregnant survivors.
4 Psychosocial Impact of cancer treatment
4.1 Anxiety and fear of cancer recurrence.
4.2 Depression and suicidality.
4.3 Fatigue.
4.4 Neurocognitive disorders.
4.5 Social functioning.
4.6 Socioeconomic consequence.

Fig. 2. PRISMA Flowchart of all included studies in the subchapters. *after excluding duplicates between the subchapters .
Source: Page MJ, et al. BMJ 2021;372:n71. 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons. 
org/licenses/by/4.0/
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Organ-based LTFU recommendations (surveillance 
recommendations)

Bone diseases

Background
The risk for several bone diseases including avascular necrosis, 

osteoporosis, fractures, scoliosis and joint replacement is significantly 
elevated in AYA cancer survivors [2,14,18,19]. Comorbidities such as 
hypogonadism, growth hormone deficiency and a low body mass index 

have to be considered as they can aggravate bone health and often co- 
exist due to shared risk constellations (e.g. cranial RT) [14,20].

Population at risk

• Treatment-exposure:
- for avascular necrosis, fracture and osteoporosis: methotrexate and 

corticosteroids [2]

Fig. 3. Common physical late effects of YACS and common predisposing therapy modalities. CT – chemotherapy, RT – radiotherapy, SCT – stem cell transplantation, 
TBI – total body irradiation, YACS – young adult cancer survivor. Icons were downloaded from https://healthicons.org/.

Fig. 4. Psychosocial issues in long-term cancer survivorship. Icons were downloaded from https://healthicons.org/.
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- for low bone mineral density and fractures: aromatase inhibitors 
[20], cranial/craniospinal radiation therapy (RT) [14,20], total body 
irradiation (TBI) [14,20]

• Primary cancer diagnosis:
- leukemia [14], breast cancer [20], gastric cancer [20], brain tumors 

[21]

Table 1 
Common late effects in YACS according to organ systems.

Organ system Late effect population at 
risk (treatment 
exposure based)

Surveillance 
recommendation for 
survivors at risk

Brain and 
Sensory organs

Neurocognitive 
impairment

cranial RT, 
cranial surgery, 
high-dose CT

Medical history >
questionnaires >
neuropsychological 
testing, cMRI if 
indicated

​ Hearing loss, 
tinnitus

platin exposure, 
cranial RT

Medical history, 
audiogramme

​ Vision loss cranial RT Medical history, 
clinical examination

​ Cataract GC exposure, 
after alloSCT

Opthalmological 
examination (at 
baseline; in case of 
visual impairment)

​ Neurotoxicity platin-, taxan-, 
vinca-alkaloid 
exposure

Medical history

Cardiovascular 
System

Hypertension after CT and RT, 
survivors with 
adipositas, GC 
exposure, CNS 
RT

BP measurement at 
every LTFU, 24-h-BP 
in case of elevated 
screening values

​ Congestive 
heart failure

anthracyclines 
(high risk: >250 
mg/kg, 
moderate risk >
100 mg/kg)),

Medical history, 
laboratory values 
(lipide profile),

​ ​ chest RT and 
combination of 
RT and 
anthracyclines 
(high risk)

optimization of 
modifiable risk 
factors, ECG, 
echocardiography

​ ​ ​ (every 2 years in high 
risk, 5 years in 
moderate risk 
patients)

Endocrine 
disorders

Diabetes 
mellitus

cranial RT, 
abdominal RT, 
TBI

fasting blood glucose 
or HbA1c every 2 
years

​ Dyslipidemia platin exposure Lipid status at every 
LTFU

​ Early 
Menopause and 
female 
infertility

bilateral 
oophorectomy, 
pelvic RT, CT w. 
alkylating 
agents

Assessment of 
menstrual history, 
childbearing wish at 
every LTFU

​ Male 
hypogonadism 
and infertility

testicular RT, 
alkylating agent 
CT, orchiectomy

early morning 
testosterone 
measurement in at- 
risk survivors, 
counseling fertility 
risk

​ Obesity cranial RT, GC 
exposure

weight + BMI with 
every LTFU

​ Parathyroid 
dysfunction

RT to the neck assessment of serum 
calcium

​ Pituitary 
dysfunction

cranial RT, TBI TSH, fT4, morning 
cortisol, LH, morning 
testosterone (males)

​ ​ ​ / estradiol, LH and 
FSH (females), IGF-1

​ Thyroid 
dysfunction

RT to the neck, 
TBI

yearly TSH + fT4

Gastrointestinal 
System

Hepatic late 
effects

after hepatic 
surgery, RT 
exposing the 
liver/ TBI, SCT, 
antimetabolite 
CT

baseline ALT, AST, 
gGT, ALP; 
assessment of 
ferritine in SCT 
survivors

Genitourinary 
System

Renal late 
effects

SCT, platin, 
ifosfamide, 
methotrexate 
CT, abdominal 

Regular assesment of 
blood pressure, 
creatinine, eGFR and 
urine status at LTFU

Table 1 (continued )

Organ system Late effect population at 
risk (treatment 
exposure based) 

Surveillance 
recommendation for 
survivors at risk

RT/TBI, 
nephrectomy

Immune System Secondary 
immune 
deficiency

after SCT and 
CAR-T-cell- 
therapy, 
splenectomy, RT 
involving the 
spleen

Infection-, 
vaccination medical 
history, 
immunological

​ ​ ​ testing (immune 
status, 
Immunglobulins) in 
clinical concern

Musculoskeletal 
system

Sarcopenia and 
muscular 
atrophy

SCT survivor, 
high-dose GC 
exposure, RT

Medical history, 
clinical examination

​ Low bone 
mineral density

aromatase 
inhibitors, GC 
exposure, 
methotrexate, 
cranial RT, TBI

DXA scan at baseline

​ Fractures aromatase 
inhibitors, GC 
exposure, 
methotrexate

Medical history

​ Avascular 
nekrosis

GC exposure, 
methotrexate

Medical history 
(pain), MRI if 
indicated

Pulmonary 
system

lung fibrosis Chest RT, 
thoracic surgery, 
CT with 
alkylating 
agents and 
bleomycin

Medical history, 
clinical examination

​ bronchiolitis 
obliterans 
syndrome

alloSCT 
survivors

PFT in clinical 
concern, new-onset 
extrapulmonary 
GvHD

Psychosocial 
issues

Depression and 
suicidality

female > male 
YACS, advanced 
disease

Medical history 
including suicidal 
tendencies, 
Questionnaires

​ Fatigue CT, combination 
of CT and RT/ 
surgery, 
comorbidity

Medical history, 
Questionnaires

​ Quality of Life all YACS 
(important: 
return to work, 
family situation, 
body issues)

Questionnaire 
(Screening)

​ Fear of Cancer 
recurrence

all YACS Medical history, 
PRO-Questionnaires

Secondary 
Cancers

​ alloSCT 
survivors, high 
dose CT, RT

Awareness, medical 
history, clinical 
examination,

​ ​ ​ adherence to regular 
cancer prevention 
measurements

​ ​ ​ females: early entry 
into breast cancer 
screening

Abbreviations: BP − blood pressure, CNS − central nervous system, GC 
− Glucocorticoids, PFT − pulmonary function testing, RT − radiotherapy, SCT −
stem cell transplantation, TBI − total body irradiation, YACS − young adult 
cancer survivors.
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Surveillance recommendations/ Prophylaxis
The IGHG guideline recommends a DXA scan at the entry into LTFU 

for AYA cancer survivors with cranial/ craniospinal RT diagnosed with 
cancer up to 25 years of age [14]. A baseline assessment of bone mineral 
density and fracture risk should also be considered in older at-risk YACS 
as they enter LTFU [20].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
0, R: 2, O: 3)

Yes, up to the age of 25 surveillance

Cardiotoxicity

Background
Cardiotoxicity is one of the leading causes for treatment-associated 

morbidity and mortality in CCS and YACS [5,22–24]. Congestive heart 
failure, coronary artery disease (CAD), cerebrovascular disease, vascular 
and valvular disease or conduction abnormalities must be summarized 
under this term [5,22]. Mortality risk is more than eight to 10-fold 
higher in YACS who develop cardiovascular disease (CVD) than in 
those without [5]. Especially in Hodgkin Lymphoma (HL) the risk of 
mortality due to cardiotoxicity exceeds the lymphoma mortality risk 
after 10 years of follow up and incidence of CAD is close to 20 % in HL- 
survivors who have been exposed to radiotherapy (RT) [22,23]. In 
general, survivors who have been treated with a doxorubicin equivalent 
dose of ≥250 mg/m2 are facing a five to nine-times increased risk of 
heart failure compared with survivors that have not been exposed to this 
drug. Interestingly, a dose below 100 mg/m2 had no significantly 
elevated risk for heart failure or cardiac dysfunction, as long as no 
additional RT was applicated [25]. For irradiated patients the thresholds 
have recently been revised. A dosage of at least 30 Gy instead of 35 Gy 
with potential involvement of the heart is considered as high risk while a 
dosage of less than 15 Gy without anthracyclines showed no increased 
risk [25].

Population at risk

• Treatment-exposure: chemotherapy with anthracyclines, RT with 
potential exposure to the heart [25]. Thus, it is recommended to 
screen in patients that received:

- RT with exposure to the chest (≥15 Gy to the chest or TBI)
- Anthracycline therapy (≥100 mg/m2)
- Combined therapy of anthracycline and RT
• Primary cancer diagnosis:
- hematological malignancies especially HL, genitourinary, lung and 

nervous system [23,26]

Surveillance recommendations
The use of coronary artery calcium scoring (CAC) is matter of debate 

in the (A)YA population as the risk of CVD development might be 
underestimated in this cohort. CAC might have a greater value in this 
population to consider statin therapy [23]. The 2022 ESC guideline on 
cardio-oncology considers screening for CAC in high-risk patients with 
RT involving the heart using functional imaging and/or coronary 
computed tomography angiography [22]. For heart failure, cardiac 
dysfunction and valvular disorders, echocardiography is still the most 
common method of detection [27]. Even though cardiac MRI has 
entered the stage, available data did not support a routine screening 
with CMRI [23,27]. Biomarkers like N-terminal pro-brain natriuretic 
peptide, brain natriuretic peptide or Troponin T or I might be used in 
addition to echocardiography but sensitivity for detection of asymp
tomatic cardiotoxicity is low [25,27]. ECG should be included in the 
baseline exam and to be repeated as clinically indicated [5,23,24,27]. In 
case of abnormalities in echocardiography or ECG, survivors should be 

referred to a cardiologist [5,25,27]. 

• Lifelong surveillance for survivors at intermediate and high risk as 
there is no plateau of cardiotoxicity [25]

• Medical history, assessment of CVD risk factors, assessment of CVD 
symptoms like chest pain, dyspnea, orthopnea, palpitations, nausea 
and vomiting [5,11,28]

• Blood pressure and body weight control [29]
• Monitoring and optimization of modifiable risk factors [5,23–25]
• Echocardiography at baseline, every 2 years in high-risk group, every 

5 years in moderate to intermediate risk group [5,23,25,27,29]
• ECG at baseline and to be repeated as clinically indicated [5,23–25]

Prophylaxis
control of classical risk factors for CVD, i.e. hypertension, obesity, 

tobacco use, and dyslipidemia [5,25,30].
Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 5, C/P: 
3, R: 2, O: 1)

Yes surveillance

Early menopause and hormone replacement therapy

Background
Cancer treatment may lead to premature ovarian failure causing 

early menopause with its typical symptoms such as vasomotor symp
toms, sleeping disorders, mood swings and vaginal dryness which may 
highly affect quality of life (QoL). Early menopause is also associated 
with a higher risk of cardiovascular disease, osteoporosis and dementia 
[31]. Menstruation may resume after two years of completion of 
chemotherapy so that the typical diagnostic criteria of menopause with 
amenorrhea >12 months and an elevated follicle stimulating hormone 
are not transferable to cancer patients. In breast cancer patients, 
menopause can be predicted if the anti-Mullerian hormone (AMH) is 
undetectable for more than one year [32]. Early menopause is more 
frequent after oncological treatment in the age group of 30–39 years 
compared to patients 15–29 years [33].

Population at risk

• Treatment-exposure:
- bilateral oophorectomy
- pelvic RT
- chemotherapy such as alkylating agents, heavy metals [34]
• Primary cancer diagnosis:
- Gynecological cancer, lymphomas, leukemias, thyroid cancer and 

melanoma [33]

Surveillance recommendations
Menstrual history and childbearing wish shall be regularly addressed 

during follow-up. The IGHG (target population: female YACS diagnosed 
at age <25 years) recommends counselling regarding the risk of early 
menopause and its implications for future fertility for female at risk 
survivors as well as FSH and estradiol measurement for further evalu
ation in survivors with menstrual cycle dysfunction or desire for fertility 
assessment. Additionally, AMH measurement is discussed in conjunction 
with FSH and estradiol [34]. These recommendations are currently 
being updated.

Treatment/ Hormone replacement therapy: Hormone replacement 
therapy can alleviate menopausal symptoms, however, treatment with 
HRT in cancer survivors is complex. Female cancer survivors <45 years 
without contraindications shall be offered HRT with an individualized 
approach and careful monitoring. HRT is usually recommended until the 
average age of natural onset of menopause. HRT is based on (topical) 
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estrogens and, if the patient has not had a hysterectomy, with the 
addition of progesterone. HRT is contraindicated in hormone-sensitive 
cancers such as breast cancer due to potential risk of recurrence and 
in patients with a history of thromboembolic events, coagulation dis
orders or prior cardiovascular events. In the systematic review of Hickey 
et al., there is a comprehensive list of cancers after that HRT can be 
prescribed and the Menopausal Hormone Therapy Eligibility Criteria 
Group has established a list with medical conditions and comedications 
as checklists if HRT is feasible [31,35]. If HRT is contraindicated, se
lective serotonin reuptake or norepinephrine re-uptake inhibitors can be 
used. Additionally, yoga, acupuncture and cognitive based therapy may 
reduce symptoms. In patients with genitourinary symptoms low-dose 
vaginal estrogen seems to be a safe option presumably also in breast 
cancer patients and there are non-pharmacological options such as lu
bricants available [31].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
1, R: 1, O: 2)

Yes, up to the age of 25 awareness

Endocrine disorders

Background
Endocrine diseases are among the most frequent late effects of cancer 

and its treatment [36]. A recent population-based study of over 32 000 
AYA cancer survivors revealed a 73 % higher risk to be affected by any 
endocrine disorder in comparison to a matched cancer-free population 
[37]. Another cancer registry-based study including almost 60 000 AYA 
cancer survivors also demonstrated a high burden of endocrinopathies 
in this cohort including diabetes mellitus (10-year cumulative incidence 
4.7 %), hypothyroidism (4.6 %), other thyroid (2.2 %) and parathyroid 
disorders (1.6 %) [38]. A younger age at cancer diagnosis could be 
identified as a risk factor for most endocrine disease [20,37] (although, 
for diabetes mellitus, a higher risk for survivors with older age at 
diagnosis was discussed [2]). Further individual risk factors including, 
amongst others, female sex for thyroid disorders and ethnicity for dia
betes mellitus have to be considered during LTFU [2]. Exposure to RT of 
endocrine organs is the most important risk factor for subsequent 
endocrine dysfunctions [20].

Population at risk

• Treatment-exposure:
- RT to the head ≥30 Gy (pituitary disease, diabetes mellitus) [2]
- RT to the neck (thyroid and parathyroid disorders) [2,20,39]
- TBI (thyroid/ pituitary diseases, diabetes mellitus) [5,20]
- abdominal RT (diabetes mellitus) [5]
- testicular radiation/alkylating agent chemotherapy/orchiectomy 

(hypogonadism/male infertility) [40,41]
- platinum based chemotherapy (dyslipidemia) [2]
• Primary cancer diagnosis:
- leukemia [37,42], HL (especially for hypothyroidism) and NHL 

[20,37,43], brain tumor [21,37,44,45], head and neck cancers [20], 
testicular cancer [46]

Surveillance recommendations

- Thyroid Dysfunction: TSH and fT4 yearly in at-risk population (i.e. 
after RT exposure to the thyroid gland) [5,20,39]

- Parathyroid Diseases: consider regular assessment of serum calcium 
in at-risk population (i.e. after neck RT exposure), currently no 
screening recommendations available [20]

- Pituitary Dysfunction: annual laboratory surveillance for HP 
dysfunction in at-risk survivors including measurement of TSH, fT4, 

morning cortisol, LH and morning testosterone (males) / estradiol, 
LH and FSH (females) and IGF-1 (according to the IGHG guideline for 
cancer survivors, diagnosed at age ≤25 years) [44], pituitary func
tion assessment at regular intervals in survivors after cranial RT 
should also be considered in YACS older than 25 years [20]

- Male hypogonadism/ infertility: regular early morning testosterone 
measurement in at-risk survivors, counseling fertility risk [40,41] 
(female hypogonadism is presented in 1.3)

- Diabetes mellitus: fasting blood glucose or HbA1c every 2 years in at- 
risk population (i.e. following exposure to abdominal/ cranial/ total 
body irradiation) [5,20]

- Dyslipidemia: regular assessment of lipid status [20]
- Obesity: annual assessment of weight status, including calculation of 

BMI [20]

Prophylaxis
Weight management, exercise and dietary interventions [5,11,20]

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 3, C/P: 
1, R: 5, O: 7)

Yes, up to the age of 25 surveillance

Hepatic late effects

Background
YACS may develop treatment-induced chronic liver disease. Whereas 

acute liver impairment is a common side effect of tumor therapy, 
chronic liver disease is less frequent [43]. In cohort studies of CCS, the 
prevalence of hepatic late adverse effects ranged from 5.8 % to 52.8 %, 
with median follow-up durations varying from three to 23 years since 
cancer diagnosis [47]. The risk of cellular liver injury was shown not 
only to be treatment associated but also increased with higher BMI, 
metabolic syndrome, chronic viral hepatitis C, use of statins, non- 
Hispanic white ethnicity and higher alcohol intake [47,48].

Iron overload, which can lead to liver damage in LTFU, may occur in 
YACS treated with intensive chemotherapy and is associated with cu
mulative packed red blood cells transfusion volume [49].

Population at risk

• Treatment-exposure:
- Antimetabolites: mercaptopurine, thioguanine, methotrexate
- RT exposing the liver
- SCT
- hepatic surgery [49,50]
• Primary cancer diagnosis:
- Lymphomas or acute leukemia that are treated with intensive 

chemotherapy or SCT [49], solid tumors that form liver metastasis

Surveillance recommendations/ prophylaxis
There are no recommendations specific for YACS. According to the 

IGHG (target population: cancer survivors diagnosed before age 25), it is 
recommended to perform a physical examination and measurement of 
serum liver enzyme concentrations (ALT, AST, gGT, ALP) once at entry 
into long-term follow-up for survivors at risk for late hepatic toxicity. 
For survivors who have undergone SCT and/or received multiple red 
blood cell transfusions, surveillance for iron overload with serum ferritin 
is recommended once at LTFU entry [49]. In addition, survivors should 
be educated about lifestyle-associated additive risks for liver damage to 
minimize further worsening of liver function.

(continued on next page)
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(continued )

Late effect 
reported in 
YACS? 

Evidence-based guideline 
recommendation available for 
YACS? 

Surveillance or awareness 
recommendation?

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
0, R: 0, O: 1) *

Yes, up to the age of 25 surveillance

* Additionally, 2 reviews and 1 original article based on CCS were 
included in this subchapter.

Infertility

Background
Future infertility as a consequence of cancer treatment is a major 

concern of YACS, as it has far-reaching implications for family planning 
and can lead to psychological burden due to decisional conflicts or 
unmet informational needs, ultimately decreasing long-term quality of 
life [51,52]. The ongoing opportunity to access fertility counseling in
tegrated into survivorship care is essential for assessing risk factors and 
identifying supportive care needs [53,54]. Further aspects of fertility 
and reproductive health include, amongst others, sexual function and 
socioeconomic concerns that should be considered in counselling [41].

Population at risk

• Treatment exposure:
- High-dose alkylating agent chemotherapy [41,55]
- abdominal/pelvic radiotherapy [41,55,56]
- SCT [56,57]
- (partial/unilateral/bilateral) (salpingo)-oophorectomy, hystere 

ctomy
• Primary cancer diagnosis:
- all cancers, especially leukemia [58], lymphomas [59], sarcomas 

[51,56], colorectal cancer [60], testicular cancer, breast cancer [51], 
gynecological cancer

Surveillance recommendations
The IGHG (target population: cancer diagnosis at age <25 years) 

suggests measurement of FSH and inhibin B (males) or AMH in 
conjunction with FSH and estradiol (females) in YACS who desire 
assessment about potential for future fertility [34,40]. In males, semen 
analysis is the gold standard primary surveillance modality for evalua
tion of spermatogenesis [40]. If there is a desire to have children and 
spontaneous conception is not feasible, couples shall be referred to 
reproductive medicine specialists as soon as possible.

Prophylaxis: Communication about treatment-related infertility risk 
and procedures for fertility preservation before initiating cancer therapy 
is strongly advised [54]. Posttreatment fertility preservation may be 
appropriate for survivors at risk [53]. The significance of survivorship 
consultations for fertility is emphasized, with recommendations for 
support both at diagnosis—to help manage stress related to fertility 
preservation—and in the long term, to assist survivors in coping with the 
emotional challenges of altered family planning or infertility. Psycho
logical counseling should be available to patients when they begin 
family planning years after treatment, especially if they face prolonged 
difficulties conceiving or experience miscarriages [61].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 3, C/P: 
4, R: 6, O: 1)

Yes, up to the age of 25 awareness

Neurotoxicity

Background
Up to 40 % of at-risk cancer survivors are affected by neurotoxicity, 

including a wide range of symptoms such as numbness, tingling, reduced 
vibratory sense [62] and neuropathic pain [63]. Risk-factors include 
several chemotherapy agents; a dose-dependent relationship has been 
described for cumulative cisplatin dose and the occurrence of peripheral 
neuropathy [62,64]. Symptoms often occur during treatment and 
improve over time; however, late / chronic neurotoxicity has also been 
described [65]. Neurocognitive impairment is presented in 4.4.

Population at risk

• Treatment-exposure:
- platinum-based drugs; especially cisplatin [62], oxaliplatin [65]
- taxanes [66]
- vinca-alkaloids [63]
• Primary cancer diagnosis:
- Testicular cancer [62,64], breast cancer [66], colorectal cancer [65], 

brain tumor [21]

Surveillance recommendations
Regular assessment of neurotoxicity is recommended, although there 

are no specific guidelines for YACS [67].
Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
0, R: 2, O: 4)

No awareness

Ototoxicity

Background
Ototoxicity represents a common acute and late complication of 

cancer treatment with platinum-based compounds or cranial RT 
affecting up to 50 % of CAYA cancer survivors [68]. A dose-dependent 
relationship has been described for cumulative cisplatin dose [62,69]. 
The combination of exposure to a platinum- based chemotherapy and 
cRT (≥30 Gy) increases the risk of hearing loss with an IRR of 14.9 [2]. 
Ototoxicity is characterized by hearing loss of high-frequency sounds 
and is often accompanied by tinnitus [68].

Population at risk

• Treatment-exposure:
- cisplatin (high-dose carboplatin > 1500 mg/m2) [2,68]
- cranial RT (≥ 30 Gy) [2,68]
• Primary cancer diagnosis:
- Testicular cancer [46,62,69], head and neck/ brain tumors 

[21,45,68]

Surveillance recommendations/Prophylaxis
The IGHG-guideline (target population: CAYA cancer survivors 

diagnosed with cancer at age 30 years or younger) recommends regular 
surveillance for hearing loss for at-risk survivors and proposes tone 
audiometry every 5 years and referral to an audiologist in case of 
symptoms suggesting hearing loss or tinnitus [68]. Survivors should also 
be advised to avoid noise exposure or to wear hearing protection [69].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
0, R: 2, O: 4)

Yes, up to the age of 30 surveillance
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Pulmonary late effects

Background
Chest RT as well as a number of chemotherapy drugs can subse

quently lead to changes in the lung tissue, usually resulting in interstitial 
pneumonitis and pulmonary fibrosis [70]. These lung diseases can 
impact QoL but also increase mortality.

Deaths due to respiratory failure are rather rare in YACS [50]. 
However, in comparison to the general population these rates are 
significantly higher.

Population at risk

• Treatment-exposure:
- RT to the chest
- thoracic surgery [50,70–72]
- systemic therapy with classical alkylating agents (busulfan, car

mustine and lomustine)
- anti-tumor antibiotics (bleomycin)
- in patients with lymphoma, it has been shown that persistent nico

tine abuse during chemotherapy significantly increases the risk of 
subsequent lung disease (5)

• Primary cancer diagnosis:
- head and neck cancer, HL [70–73]

Surveillance recommendations
The IGHG guideline (target population: cancer survivors diagnosed 

before age 30) recommends annual clinical examination and taking a 
history of respiratory symptoms in order to detect secondary diseases 
due to cancer therapy such as pulmonary fibrosis or lung cancer at an 
early stage [72].

Routine pulmonary function testing (PFT) is not recommended for 
asymptomatic cancer survivors, even if at risk, except alloSCT (see 
chapter 3.3). AYA cancer survivors with respiratory symptoms or 
abnormal PFT results should be referred to a pulmonologist [50,72]. If 
PFT (including DLCO) is performed, it should be investigated according 
to the recommendations of the European Respiratory Society (ERS) −
American Thoracic Society (ATS) [74].

Prophylaxis: lifestyle changes such as giving up nicotine, flu and 
pneumococcal vaccinations are recommended for survivors at risk 
[50,73].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
2, R: 1, O: 3)

Yes, up to the age of 30 awareness

Renal dysfunction

Background
Many cytotoxic drugs are excreted via the kidneys and renal late 

effects are therefore an important complication in various cancer sur
vivor populations [2,75]. In a cohort of 4392 NHL YACS the cumulative 
incidence of renal disease at 10 years was 2.2 % [43]. It can contribute to 
an increased mortality during long time follow up and is a risk factor for 
the development of arterial hypertension, cardiovascular disease und 
impaired bone metabolism [19,45]. Platinum-based chemotherapy, ra
diation including the abdomen and nephrectomy are the main causes of 
renal dysfunction including nephritis, nephrotic syndrome, kidney fail
ure, obstructive and reflux nephropathy. Additionally, various other 
frequent complications in the treatment of malignant diseases like sepsis 
or tumor lysis syndrome can cause acute kidney injuries, increasing the 
risk for future kidney problems [75]. Immune checkpoint inhibitors can 
lead to acute interstitial nephritis (AIN) and potentially unresolved AIN 
or subclinical/chronic interstitial nephritis is suspected to be responsible 

for chronic kidney disease (CKD) in about 20 % of patients >5 years after 
therapy [76].

Population at risk

• Treatment-exposure
- Chemotherapeutic agents: Cisplatin, Carboplatin, Ifosfamide and 

high-dose Methotrexate
- alloSCT
- abdominal RT and TBI
- nephrectomy [2,19,50,75,77]
• Primary cancer diagnosis:
- Testicular cancer [46], brain tumor [21], sarcomas [75]

Surveillance recommendations
There are no specific surveillance guidelines regarding renal function 

in YACS. As early detection and intervention of kidney dysfunction can 
be important to reduce the risk of long-term morbidity and mortality, it 
can be reasonable to check renal function regularly during LTFU in all 
YACS. In any case, renal function should be monitored for those with 
high-risk treatment exposure or those with impaired kidney function 
immediately after or during therapy [78].

Monitoring of kidney function should include assessments of serum 
creatinine, estimated glomerular filtration rate (eGFR), and proteinuria. 
Additional monitoring of tubular function (blood testing of sodium, 
potassium, magnesium, calcium, phosphate, and albumin and urine 
testing of glucose and phosphate) is recommended for survivors treated 
with ifosfamide, cisplatin or carboplatin [30].

Pre-existing risk factors like diabetes mellitus, hypertension, and 
obesity should be evaluated. Monitoring of blood pressure should be 
performed as hypertension is a significant contributor to CKD 
progression.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
1, R: 5, O: 6)

no surveillance

Secondary immune deficiency

Background
Data on immune reconstitution/ persistent immunodeficiency in 

young adults after cancer therapies is scarce, especially outside the 
alloSCT setting. A scoping review in CCS recommends further testing in 
patients with clinical concern for immune deficiency, depending on the 
type of infection [79]. Splenectomy and splenic irradiation increase the 
risk for infections and infectious disease mortality [80]. Splenectomy 
could also be identified as an independent risk factor for valvular heart 
disease in adult HL survivors [81].

Population at risk

• Treatment-exposure:
- after SCT (see 3.3)
- after CAR-T-Cell therapy (see 3.1)
- after splenectomy or RT involving the spleen [80]
• Primary cancer diagnosis:
- Survivors of hematologic malignancy [79,80]

Surveillance recommendations
Further immunological testing should be conducted if there are 

clinical concerns [79]. It is important to maintain an up-to-date vacci
nation schedule in accordance with national guidelines. For patients 
who have undergone splenectomy or splenic irradiation, vaccination 
against encapsulated bacteria is recommended. Additionally, these 
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patients should carry a “pill-in-the-pocket” antibiotic to be used in case 
of fever, as they are at increased risk of severe infections.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes, but scarce 
(O: 2) *

no awareness

* Additionally, 1 review based on CCS was included in this subchapter.

Sexuality

Background
Sexuality has a major impact on QoL. The biopsychosocial model of 

health and disease frames the different domains of sexual health. Sexual 
changes/problems may arise from all these domains ranging from bio
logical, psychological, social to interpersonal factors [82]. The Ham
mond framework adds four sociodemographic contexts that are special 
for the AYA group such as sexual and gender plurality and the expanding 
cultural diversity, for example [83]. Negative body image changes may 
have a large impact on sexuality and the romantic relationship and may 
arise due to scars, hair loss, ostomies, breast surgery, weight loss, skin 
changes, lymphedema and amputations [82]. Fatigue, polyneuropathy, 
incontinence and other (long-term) side effects may play a role. Also, 
psychological factors such as anxiety, depression, fear of pain or fear not 
to match the partner‘s expectations contribute to sexual dysfunction 
[84]. The role of the partner should not be underestimated as also the 
partner may be insecure after cancer treatment and may be worried to 
hurt their loved one. 50–60 % of CAYAs experience sexual dysfunctions 
and are mostly reported after gynecological, breast and colorectal can
cer [85]. Sexual dysfunctions may be vaginal atrophy/dryness due to 
hormonal changes, pain i.e. with vaginal/anal penetration, changes or 
problems with desire, sexual arousal, orgasm or ejaculation [86]. Prin
cipally all cancer patients and survivors are at risk; however, females are 
more frequently affected.

Population at risk

• Treatment-exposure:
- Therapies inducing premature ovarian failure (i.e. bilateral oopho

rectomy, pelvic irradiation, chemotherapy such as alkylating agents, 
heavy metals)

- cranial or pelvic RT, TBI, SCT [87]
• Primary cancer diagnosis:
- All cancers, mostly reported after gynecological, breast and colo

rectal cancer [85] and also after germ cell tumors, renal tumors, and 
leukemia [87]

Surveillance recommendations
Many cancer survivors and their partners are ashamed of raising the 

topic of sexuality not only between the couple but also with medical 
professionals so that it is recommended to actively address sexuality in 
survivorship care and offer referrals to gynecology/urology/sexual 
medicine and psychological support. Education and communication 
between the couple are the key interventions to improve sexual health 
[87]. Lubricants, gels and hormonal replacement therapy (if indicated 
and no contraindication) improve vaginal dryness. After RT or in 
cGvHD, vaginal stenosis may be improved by using vaginal dilatators; in 
patients with vaginal stenosis or reduced vaginal length penetration 
limitors/depth control devices may also help during sexual intercourse 
[87,88]. There are several guidelines available for sexual health in 
AYAs. An overview of treatment options and available guidelines can be 
found in the publication by Frederick et al. [87].

(continued on next column)

(continued )

Late effect 
reported in 
YACS? 

Evidence-based guideline 
recommendation available for 
YACS? 

Surveillance or awareness 
recommendation?

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
1, R: 5, O: 0)

no awareness

Further late effects

• Increased risk of stroke/ cerebrovascular disease following RT to 
the head and neck (i.e. survivors of hematological malignancies, 
brain tumors) [2,26]

• Increased risk of carotid disease following neck RT → consider ca
rotid ultrasound at 10-y intervals [39]

• Increased risk of vision loss following cranial RT[2]
• Increased risk of muscular atrophy in irradiated cancer survivors 

[39]
• Increased risk of sarcopenia, especially after alloSCT [89]

Subsequent malignant neoplasms

A subsequent malignant neoplasm (SMN) is a frequent and severe 
sequela of cancer and its treatment [90–92]. An analysis of population- 
based cancer registry data from over 67,000 AYA cancer survivors 
identified an excess risk of 60 % for the development of a second primary 
cancer and a cumulative incidence of all second primary cancers within 
25 years of the first cancer diagnosis of 10 % [93]. Previous studies 
demonstrated a higher absolute risk of developing a SMN in AYA than in 
survivors of childhood or adult cancer. In a large cohort study with 200 
945 teenage and young adult 5-year cancer survivors with a median 
follow-up time of 16.8 years six percent of the cohort were diagnosed 
with SMN. Secondary cancer was most frequent in breast cancer, cer
vical cancer, testicular cancer and HL survivors. The most frequent SMN 
in the AYA population are breast cancer, gastrointestinal cancer, genital 
cancers and melanoma [94].The risk was further increased by RT [95]. 
SMN account for 20 % of malignant deaths in this cohort thirty years 
after initial cancer diagnosis, highlighting the need for preventive stra
tegies that reduce late mortality in this vulnerable population [7]. 
Shared risk factors as well as underlying genetic predisposition, amongst 
others, contribute to this elevated risk [96,97]. The following section 
focusses on cancer treatment exposure as an additional risk factor and 
highlights populations at risk as well as possible surveillance or pre
vention strategies.

Breast cancer

Background
Breast cancer ranks as the most common cause of death associated 

with cancer in the female AYA group. Breast cancer specific survival is 
shorter in breast cancer as secondary cancer compared to breast cancer 
as first cancer diagnosis. Secondary breast cancers are more frequently 
diagnosed in earlier stages and without lymph node involvement but are 
more frequently estrogen and progesterone receptor negative and with a 
higher grade [98].

Population at risk

• Treatment-exposure:
- Especially females who were treated with RT < 30 years, i.e. for HL 

or sarcomas [13,99] and BRCA1/2 mutation carriers/ Li-Fraumeni 
(− like)syndromes [13]

- Chest RT ≥ 10 Gy

K. Egger-Heidrich et al.                                                                                                                                                                                                                        Cancer Treatment Reviews 139 (2025) 102992 

11 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 05, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



- upper abdominal RT
- Anthracyclines [13]
• Primary cancer diagnosis:
- Leukemia, Non-Ewing sarcoma, CNS tumors treated with high-dose 

anthracyclines [13], Lymphoma [39], sarcoma treated with chest 
radiation [13]

Surveillance recommendation
The IGHG has updated the breast cancer surveillance recommenda

tions for female AYAs in 2020 (target population: females diagnosed 
with cancer at younger than 30 years of age). After chest RT > 10 Gy 
annual breast cancer surveillance with mammogram and breast MRI up 
to 60 years is strongly recommended and should begin at 25 years or 
≥eight years after RT (Level A). After upper abdominal RT exposing 
breast tissue at a young age the decision for breast cancer surveillance 
should be made individually including potential other risk factors (Level 
B) [13]. Cancer survivors shall be motivated to participate in the na
tional screening programs.

Prophylaxis
Lifestyle counselling including smoking cessation, physical activity, 

well-balanced diet and healthy weight, for example, is reasonable. 
Family history shall be screened for any predisposing genetic condition 
and if suspected genetic counselling/testing shall be offered. If there is a 
certain mutation such as a BRCA1/2 mutation, patients shall take part in 
national intensified breast cancer screening programs (https://www.sur 
vivorshipguidelines.org/). It may be useful to reassess the family history 
and genetic counselling even many years after cancer as medical 
knowledge is growing steadily and there may be new implications for 
testing.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
0, R: 1, O: 2)

Yes, up to the age of 30 surveillance

Colon/gastric cancer

Background
In Cohort based analyses about SMN in CCS and YACS, gastrointes

tinal cancers contribute to a substantial proportion, around 11 %, of 
SMN [100,101]. Regarding big cohorts of AYA cancer survivors in the 
United States colorectal cancer is the third most frequent SMN with a 35- 
year incidence of 7.6 % and the third cause of SMN death [102]. Men are 
more frequently affected of gastrointestinal SMN than female cancer 
survivors [92]. Smoking is a well-known risk factor for developing 
cancer in general. AYA cancer survivors who had regularly smoked or 
drank alcohol before or at primary diagnosis had a higher SMN risk for 
second tobacco-related cancers as esophagus, colorectal and stomach 
cancer [92].

Population at risk

• Treatment-exposure:
- abdominal or pelvic RT (≥20 Gγ)
- spinal RT (lumbar, sacral, whole) or TBI
- alkylating agents as procarbazine, platins
- alloSCT [102]
• Primary cancer diagnosis:
- Testicular cancer [90,103], gynecological cancer (corpus uteri, 

ovarian) [102], small intestine cancer, CNS malignancies, bone 
cancer and HL [104]

Surveillance recommendations
An expert panel considering the most relevant guidelines from 

pediatric and adult populations, including the Children’s Oncology 
Group (COG), National Comprehensive Cancer Network, American So
ciety of Clinical Oncology and IGHG has formulated recommendations 
for colorectal cancer surveillance. Survivors at risk should undergo co
lonoscopy surveillance every five years, beginning 5 years after RT 
exposure or at 30 years of age. Alternative screening recommendations 
are multitarget stool DNA test every 3 years, fecal immunochemical test 
yearly and high-sensitivity, guaiac-based fecal occult blood test yearly 
[5]. Surveillance recommendations for other gastrointestinal SMN in 
YACS do not exist.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
1, R: 0, O: 7)

No surveillance

Intracranial tumors

Background
The risk for subsequent CNS neoplasms is elevated in survivors 

following cranial RT with radiation-induced meningiomas being the 
most common secondary neoplasms in this group [105]. As there is 
insufficient evidence if early detection of subsequent CNS neoplasms 
reduces long-term morbidity and mortality, optimal surveillance stra
tegies remain contentious [105].

Population at risk

• Treatment-exposure:
- cranial RT [105]
• Primary cancer diagnosis:
- leukemia, brain tumor [95]

Surveillance recommendations
The IGHG guideline recommends a history and focused neurological 

examination for at risk CAYA cancer survivors (target population: sur
vivors diagnosed with cancer when younger than 25 years) every 1–5 
years and shared decision making for or against regular MRI surveillance 
[105].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
0, R: 0, O: 1)

Yes, up to the age of 25 shared decision making

Lung cancer

Background
Lung cancer as SMN account for 25 % of malignant deaths in (A)YA 

cancer survivors [7]. Smoking has been identified as an important risk 
modifier. In HL survivors, it was estimated that around 10 % of all 
second lung cancers were treatment-related and 24 % were due to 
smoking, whereas over 60 % were a consequence of treatment exposure 
and smoking in combination [10]. However, also a high prevalence of 
benign pulmonary nodules in RT-exposed cancer survivors have been 
documented [106].

Population at risk

• Treatment-exposure:
- RT exposure of the lungs [10]
- alkylating chemotherapy with additive effects of chemotherapy and 

radiotherapy [10]
• Primary cancer diagnosis:
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- overall cancer survivors cohorts [93,95], especially survivors of 
breast cancer [95,107], HL [10,96,102,104], NHL [104], head and 
neck cancer [108–110], thyroid cancer [111,112] and testicular 
cancer [90]

- notably, in HL survivors, a greater than additive interaction between 
a positive family history of lung cancer and cancer treatment expo
sure has been postulated and should be considered in survivorship 
care [96]

Surveillance recommendations
Several guidelines did not recommend specific screening modalities/ 

intervals for second lung cancer due to the lack in evidence [10]. 
However, following recommendations for the general population, chest 
imaging with low-dose computed tomography in at risk survivors with a 
cigarette smoking history should be strongly considered [9,10,113].

Prophylaxis
Smoking cessation [10].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
0, R: 2, O: 14)

no awareness

Sarcomas

Background
Secondary sarcomas, including soft-tissue, osteosarcoma and Ewing 

sarcoma, are in general a rare tumor entity. They account for around 6 % 
of primary malignancies and up to 3,5% of secondary cancers in YACS. 
Radiation therapy seems to be the most important risk factor for sec
ondary sarcoma with a significant dose–response relationship. Among 
others soft-tissue sarcoma conferred an increased risk of death in AYA 
[114].

Population at risk
Because there is no data exclusively for YACS, this information is 

based on data from CCS. 

• Treatment-exposure:
- RT, increasing risk for higher radiation doses (>30 Gy)
- higher doses of anthracyclines or alkylating agents [115]
• Primary cancer diagnosis:
- HL or sarcoma [39]

Surveillance recommendations
General surveillance recommendations for secondary sarcoma are 

not formulated. YACS after RT should be informed about the risk of 
secondary sarcoma. Clinical monitoring frequency and specific exami
nations can be adjusted individually.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
0, R: 1, O: 1) *

no awareness

* Additionally, 1 review based on CCS was included in this subchapter.

Skin cancer

Population at risk
While non-melanoma skin cancers are underestimated in cohort 

studies, as they are not necessarily documented in cancer registries, 
most common SMN after systemic cancer treatments still are skin can
cers (basal cell carcinoma, squamous cell carcinoma, malignant 

melanoma) [95,116,117]. Persons after alloSCT are at particular high 
risk [118]. YACS show little awareness of the need for skin cancer 
screening [117], which makes regular surveillance all the more 
important. 

• Treatment-exposure:
- SCT survivors, especially those with/ after GvHD treatment [118]
- after radiation therapy [119]
• Primary cancer diagnosis:
- Malignant Melanoma survivors [116], HL survivors [39]

Surveillance recommendations
Consider biennial dermatological cancer screening for YACS who 

have undergone chemotherapy or radiotherapy. For high-risk in
dividuals, such as melanoma survivors, more frequent skin examinations 
may be necessary, with the specific schedule determined by the treating 
dermatologist. It is advisable to recommend monthly self-skin exami
nations to all YACS, instructing them to promptly consult a healthcare 
professional if they notice any abnormalities. These recommendations 
align with current guidelines for skin cancer surveillance in at-risk 
populations, emphasizing the importance of both professional and 
self-examinations in early detection.

Prophylaxis
Consequent use of sun blocker and sunscreen in the case of sun 

exposition

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
0, R: 2, O: 3) *

no awareness

* Additionally, 1 original article based on CCS was included in this 
subchapter.

Thyroid cancer

Background: Thyroid cancer is a common late effect of cancer 
treatment [20,95,114]. Additional to established risk factors (mainly 
RT), the increased incidence in cancer survivors of different entities 
suggests common risk factors and constellation [91,94,120]. A recent 
analysis including over 7000 cancer survivors with second primary 
thyroid cancer from the US Surveillance, Epidemiology, and End Results 
(SEER) Program identified exposure to RT/chemotherapy before age 35 
as one of the most significant factors contributing to the increased risk 
[121].

Population at risk

• Treatment-exposure:
- radiotherapy to the neck [20,122]
• Primary cancer diagnosis:
- survivors of HL [10,104,121], NHL [104], head and neck cancer 

[20,123,124]

Surveillance recommendations
According to IGHG (target population: cancer treatment up to the 

age of 21 years), AYA survivors at risk should be informed about their 
risk to develop thyroid cancer and about options for surveillance 
including neck palpation (every 1–2 years) or thyroid ultrasonography 
(every 3–5 years). In advance, it is recommended to discuss advantages 
and disadvantages of these surveillance modalities with the survivor and 
to consider individual preferences before deciding on a surveillance 
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modality [122].
Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 1, C/P: 
0, R: 2, O: 9)

Yes, up to the age of 21 shared decision making

Hematologic malignancy

Background
Treatment associated hematologic neoplasms are comparably rare 

[95]. In a study evaluating the late morbidity after high dose chemo
therapy and autologous SCT (autoSCT) in CAYA, secondary neoplasms 
were the most frequent serious late condition affecting 11.9 % of in
dividuals, and leukemia/MDS made up almost a fourth of all SMN [125]. 
Treatment associated leukemias are mostly of myeloid origin and 
include acute myeloid leukemia (AML), myelodysplastic syndromes 
(MDS), and chronic myeloid leukemia (CML). In addition, an increased 
risk for acute lymphoblastic leukemia (ALL) has also been described. 
Incidence of treatment associated/secondary lymphoma was not regu
larly reported and can therefore be considered to be very rare. In the 
specific context of the post allogeneic SCT (alloSCT) setting (see chapter 
3.3), post-transplant lymphoproliferative disorders (PTLD) occur at 
around 1–4 % with high EBV viral loads after alloSCT being a risk factor 
[126].

Population at risk

• Treatment exposure:
- Epidophyllotoxin and alkylating agents (data from CCS) [127]
- radio iodine therapy [112]
• Primary cancer diagnosis:
- Survivors of ALL, HL, NHL, osteosarcoma [127] and differentiated 

thyroid cancer [95,112]

Surveillance recommendations
Various follow-up guidelines do not mention specific surveillance 

guidelines with respect to hematologic malignancies [5,30]. However, 
regular blood differentials are easy and cost-effective measures to detect 
abnormalities. In the future, screening for premalignant conditions such 
as clonal hematopoiesis of indeterminate potential (CHIP) or clonal 
cytopenia of undetermined significance (CCUS) will probably be part of 
surveillance programs [128].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
2, R: 2, O: 3) *

no awareness

* Additionally, 1 original article based on CCS was included in this 
subchapter.

Hereditary cancer syndromes

The American College of Medical Genetics and Genomics published 
comprehensive guidelines when to screen for hereditary cancer syn
dromes [129,130]. Moreover, numerous guidelines have been published 
for selected hereditary cancer syndromes, e.g. from ESMO and EHTG. In 
summary, YACS should be asked about new cancer diagnoses in rela
tives. If the suspicion persists, but initial genetic testing was negative, it 
may be advisable to repeat genetic testing years later.

Special subgroups

CAR-T-cell therapy

CAR-T-cell therapies showed promising results and new hope for 
patients with previously fatal malignancies, such as relapsed/ refractory 
NHL or ALL. While acute complications, i.e., cytokine release syndrome 
and immune effector cell-associated neurotoxicity syndrome, are com
mon and mostly manageable, little is known about long-term sequelae, 
and certainly not age group-specific for YACS. Considering that CAR-T 
cells have only been available on the market for several years, long- 
term toxicity is defined as toxicity at day 100 after CAR-T-cell therapy 
and thereafter [131].

Long-term non-relapse mortality after CAR-T-cell therapy is driven 
by persisting cytopenias and, associated with this, infections [131,132]. 
Active surveillance regarding infections, vaccination boosters according 
to national guidelines, and measurement of immunoglobulin levels and 
lymphocyte counts should therefore be part of LTFU [132]. Herpes and 
pneumocystis prophylaxis should be maintained until the CD4 count 
increased to > 200 × 106/L. Another important issue is occurrence of 
SMN, which is also linked to previous chemotherapy, RT, or SCT [133]. 
Survivors should follow cancer screening according to national stan
dards. Due to a higher incidence of therapy-associated myeloid neo
plasms (tMN), differential blood count should be routinely incorporated 
into LTFU (see chapter 2.8) [132,134]. Neurologic complications of 
CAR-T-cell therapy may affect neurocognitive function [135], however, 
the long-term consequences cannot yet be assessed with sufficient 
certainty.

Late effects 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
0, R: 5, O: 0)

no awareness

Immunotherapy

A recent scoping review reported that 20–30 % survivors suffer from 
late/long-term effects of immunotherapy (with different definitions of 
late/long-term effects) including cutaneous, rheumatologic, endocrine 
and gastrointestinal complications [136,137]. Analysis of potential late 
effects is complicated by the fact that a subset of cancer patients, so 
called long-term responders, receive ongoing treatment for years, 
making it difficult to distinguish acute and chronic toxicities from long- 
term sequelae. However, treatment-associated complications are more 
frequent in the first year of treatment, but immune-related toxicities 
may also develop after 12 months, independently from dose and dura
tion of treatment [137]. Further studies are needed to better understand 
long-term effects of immunotherapy and to develop specific surveillance 
strategies for survivors who received this treatment.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
0, R: 2, O: 0)

no awareness

Stem cell transplantation

Background
Although risk decreased over the last decades, YA lymphoma survi

vors after autoSCT are threatened by a high risk for long-term sequelae 
with a 3-fold increased risk for chronic health conditions compared to 
the general population. The most prevalent late effects are SMN and 
cardiotoxicity [125].

Survivors after alloSCT are at particularly high risk for late effects, 
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non-relapse mortality, and reduced QoL, especially those affected from 
moderate or severe chronic Graft-versus-host disease (cGvHD) requiring 
systemic treatment [58,138,139]. Most of the late effects described in 
this article are pronounced in alloSCT survivors, requiring a multidis
ciplinary approach in LTFU of these patients. Most prevalent severe or 
life-threatening late effects in YA alloSCT survivors include SMN, in
fections, cataracts, endocrine disorders, thromboembolism and joint 
replacement [139,140].

Interestingly, YA report a better QoL and physical wellbeing after 
alloSCT compared to older adults [138,141]. This may negatively 
impact adherence – asymptomatic young adults may not keep their 
appointments. At the same time, a high prevalence of cGvHD has been 
described in YA [58,138]. Interstitial pneumonia or bronchiolitis oblit
erans syndrome (BOS), for example, are known and live-threatening 
complications in the context of cGvHD. For these reasons, regular (e.g. 
annual), well-structured and live-long LTFU by a transplant-experienced 
physician should be ensured for YA after auto- and alloSCT [142]. 
Comprehensive recommendations for LTFU are published for alloSCT 
survivors [57].

Surveillance recommendations
Patients should undergo lifelong, at least annual LTFU supervised by 

a physician experienced in SCT follow-up. Clinicians should maintain 
diligent adherence to general cancer prevention measures, including 
regular skin cancer screenings, breast and cervical cancer surveillance 
for females, and urological screenings for males. PFT is recommended 
annually for the first five years post-allogeneic SCT, as asymptomatic 
decline in lung function is common. PFT should also be prioritized 
during LTFU if extrapulmonary GvHD emerges or new respiratory 
symptoms develop. Abnormal PFT results necessitate further diagnostic 
evaluation and prompt referral to a pulmonologist [57].

Young adult cancer survivors (YA) express heightened needs for 
guidance on psychosocial well-being, sexuality, body image, and 
nutrition [143]. These concerns should be proactively addressed by 
follow-up physicians or integrated into multidisciplinary care models to 
ensure holistic patient support.

To mitigate infectious risks and secondary malignant neoplasms 
(SMN), revaccination protocols aligned with national guidelines should 
be initiated post-transplant, followed by ongoing maintenance of 
vaccination schedules, particularly in immunocompromised individuals.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
1, R: 1, O: 7)

no awareness

Targeted therapies-Tyrosine kinase inhibitors

Tyrosine kinase inhibitors (TKIs) have revolutionized cancer therapy 
since their introduction in the early 2000 s. These targeted agents 
effectively treat various malignancies, including CML, non-small cell 
lung cancer, gastrointestinal stromal tumors, HER2-positive breast 
cancer, and various other malignancies. However, their widespread use 
has led to increased reports of adverse effects, some of which can be 
severe and impact multiple organ systems [144]. Most TKIs are used as 
permanent medication, however, there are increasing efforts to allow 
discontinuation of the drugs under various circumstances, ensuring 
close monitoring for disease relapse [145]. Continuous administration of 
TKIs often turns cancer into a chronic condition, highlighting the 
importance of a differentiated view on who is a cancer survivor. How
ever, as TKIs bear a relevant risk of long-term effects, thorough sur
veillance of potentially negative effects on the general health are very 
important.

Cardiovascular adverse effects
Common cardiovascular complications are hypertension, atrial 

fibrillation, reduced cardiac function, heart failure.
Specific cardiovascular complications: 

- arterial occlusive events (AOEs): nilotinib, ponatinib, dasatinib
- chronic microvascular changes: VEGF inhibitors

Metabolic and extracardiac side effects
TKIs also contribute to metabolic complications such as hypergly

cemia, hyperlipidemia, and weight gain. Nilotinib and ponatinib have 
been linked to increased glucose and lipid levels, raising the risk of 
cardiovascular disease. Gastrointestinal toxicity, including nausea and 
diarrhea, is particularly common with imatinib and bosutinib. Derma
tologic reactions such as rashes and pruritus vary in incidence depend
ing on the TKI.

Surveillance recommendations
Given the significant risks associated with TKIs, early detection and 

proactive management strategies are essential. Regular cardiovascular 
monitoring, metabolic screening, and risk stratification can help miti
gate long-term complications. Addressing these risks are critical in 
optimizing TKI therapy and improving long-term patient outcomes 
[144,145].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 0, C/P: 
0, R: 2, O: 0)

no awareness

Pregnant survivors

Background
Fertility preservation options have developed further in the last 

decade, resulting in a larger number of pregnant YACS. At the same 
time, YACS have an increased risk for adverse pregnancy outcomes, in 
particular premature birth, but also other obstetric complications, with 
substantial differences depending on the primary cancer diagnosis 
[146]. Female YACS with exposure to uterine and pelvic RT have a 
higher risk for obstetric complications. Fortunately, no evidence was 
found that YACS in LTFU after chemotherapy and/ or RT had a higher 
risk to carry out neonates with congenital anomalies [147]. Comorbid
ities linked to cancer treatment, e.g., endocrine disorders or hyperten
sion, may lead to adverse pregnancy outcomes [148].

A review referring to young women who received mediastinal/ 
breast irradiation during childhood have an increased risk of breast 
hypoplasia and lactation issues [149]. YACS after breast cancer may 
experience lactation problems after breast irradiation and should 
therefore be offered lactation counseling [150].

Population at risk

- Female YACS in reproductive age
- Higher risk for female YACS after RT involving the uterus

Surveillance recommendations
Pregnant YACS should continue their regular LTFU throughout 

pregnancy and postpartum to assess comorbidities and ensure compre
hensive care. For YACS who received uterine or pelvic irradiation, tar
geted obstetrical counseling is strongly advised to address potential 
fertility complications, pregnancy risks, or uterine functional limita
tions. As long as tailored obstetric guidelines have not been published, 
all YACS exposed to CT and RT should be referred to a perinatal center 
for planning counseling and perinatal care [55].

All female YACS treated with anthracyclines or chest RT require 
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cardiomyopathy screening before conception or during the first 
trimester [151].

Patients should be educated to seek immediate cardiological evalu
ation if pregnancy-related symptoms (e.g., dyspnea, edema, unex
plained fatigue) arise [25].

For YACS desiring to breastfeed but experiencing difficulties, early 
referral to a lactation specialist is recommended to optimize breast
feeding success and maternal-infant bonding.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

Yes (G: 2, C/P: 
0, R: 3, O: 2) *

Yes, for some topics surveillance

* Additionally, 1 review based on CCS was included in this subchapter.

Psychosocial Impact of cancer treatment

During adolescence and young adulthood there are many develop
mental tasks to accomplish, such as going through the educational and 
vocational process, but also dealing with emotional and social skills [8]. 
When going through a major health crisis such as a cancer disease, AYA 
may need to set pause and focus on treatment and survival. Cancer 
survivors often face significant psychosocial challenges during LTFU 
care, even years post-diagnosis. Implementing comprehensive survi
vorship care models with multidisciplinary healthcare teams is crucial 
for enhancing their long-term QoL and emotional well-being [152,153].

Anxiety and Fear of Cancer Recurrence (FCR)

Background
YACS often experience elevated anxiety levels, which can vary 

throughout the cancer journey and follow-up [5,152]. Especially fear of 
cancer recurrence is one of the most prominent psychosocial challenges 
YACS face [154]. FCR refers to the worry that cancer will return or the 
development of a new malignancy after treatment and it is a common 
psychological experience for cancer survivors, particularly when tran
sitioning into LTFU. This persistent worry can result in hypervigilance, 
focusing on physical symptoms or health changes, often interpreting 
them as signs of recurrence. The fear can be triggered by reminders of 
the illness, such as routine check-ups or changes in health [155]. FCR 
can lead to increased health service utilization and maladaptive be
haviors, such as avoidance, which may further exacerbate the psycho
logical burden on survivors [155].

Population at risk

• Prevalence: 
- Anxiety: 29 % to 49 % [156,157]
- FCR: 29 % to 85 % [155]

• Psychosocial factors: 
- reduced QoL [155]
- previous cancer recurrence [154]
- female gender [158,159]
- unmet information needs [160]

Surveillance recommendations
The emotional impact of FCR highlights the need for effective coping 

strategies and strong support systems for young survivors. Open 
communication with healthcare providers, involvement in support 
groups, and access to counseling services can significantly aid in man
aging these fears. Identifying triggers and creating personalized coping 
strategies are crucial for reducing the effects of anxiety and FCR on 
mental well-being. The IGHG strongly advocates for ongoing mental 
health monitoring of all YACS during every follow-up visit, with im
mediate referral to mental health specialists when concerns are detected 

[161].
The following measurement tools are suitable for monitoring anxiety 

symptoms: 

• HADS (Hospital Anxiety and Depression Scale) [162]
• GAD-7 (Generalized Anxiety Disorder) [163]
• PHQ-9 (Patient Health Questionnaire) [164]
• FoP-Q-SF (Fear of Progression Questionnaire-short form) [165]
• NCCN Distress-Thermometer [166]

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

yes (G:2, C/P: 1, 
R: 3, O: 4)

Yes, up to the age of 25 awareness

Depression and suicidality

Background
During survivorship, AYA may still experience restraints in mental 

health such as psychosocial distress and depression [167]. The literature 
shows a range of up to 60 % for clinical distress. About a third report 
moderate to severe levels of depression and about half report symptoms 
of post-traumatic stress. In terms of other psychiatric disorders, the 
incidence of 42 % for mood disorders and 19 % for trauma and stressor- 
related disorders could be found [8,168]. Besides, there is an increased 
risk of suicide and suicidal ideation in YACS [7]. YACS are more likely to 
use mental health care services and medications than their non-cancer 
peers [167].

Population at risk

- female gender [168]
- metastatic disease [168]
• for Suicidality:
- Head and neck & testicular [168]
- white, not currently married, metastatic disease [168]
• Other factors:
- pre-morbid and comorbid emotional health conditions [50]
- LGBTQ sexuality and coping with sensitive family and relationship 

issues [28]
- development of obesity, poor health behaviours [28]
- risk seeking / health-endangering behaviour [50]
- binge drinking, tobacco and marijuana smoking [152]
- persistent sexual dysfunction [152]
- poor sleep [152]
• Other health-related QoL factors:
- intolerance of uncertainty, body image concerns, sexual dysfunction, 

and fear of social rejection or stigmatization, fertility, spirituality/ 
outlook on life, physical, cognitive, restricted activities [168,169].

Surveillance recommendations
Healthcare providers should regularly and proactively assess symp

toms of depression, suicidality and other psychosocial aspects of YACS in 
LTFU. Possible barriers such as stigma or fear of being involuntarily 
placed in unwanted situations can be overcome by providing an op
portunity for an open conversation, which can take the pressure off the 
topic of suicidal ideation and planned self-harm. Up to 66 % of patients 
who die by suicide talk about it beforehand, and 45 % have had contact 
with mental health and primary care service [170]. Similar to the 
approach taken for anxiety, the IGHG strongly recommends regular 
mental health monitoring for all YACS at every follow-up visit, with 
prompt referral to mental health professionals when concerns are 
identified [161].

K. Egger-Heidrich et al.                                                                                                                                                                                                                        Cancer Treatment Reviews 139 (2025) 102992 

16 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 05, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



The following screening tools are currently recommended: 

• PHQ-9 [164]
• EORTC QLQ-C30 [171]
• NCCN Distress-Thermometer [166]
• LAYA-SRQL [172]

YACS should be strongly encouraged to use mental health services if 
needed. Particular attention should be paid to the 20–29 age group, as 
they are less likely to seek professional help when needed [170]. 
Furthermore, AYA do benefit from age-appropriate information about 
their cancer, as well as other health-related topics.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

yes (G:2, C/P: 1, 
R: 5, O: 2)

Yes, up to the age of 25 surveillance

Fatigue

Background
Cancer-related fatigue (CRF) is defined as a persistent and subjective 

sensation of exhaustion associated with cancer or its treatment, signif
icantly disrupting normal functioning across physical, emotional, and 
cognitive domains [173,174].

YACS experience fatigue with far-reaching implications for various 
aspects of daily life, including physical activity, QoL, social functioning 
(such as interpersonal relationships and returning to work), and sleep 
patterns [175]. Importantly, CRF is not confined to the early stages of 
the disease or the active treatment phase but persists across the entire 
disease trajectory, extending into long-term survivorship.

The multifactorial nature of CRF and its underlying mechanisms 
suggest that fatigue in YACS is a complex phenomenon influenced by 
both physiological and psychological factors, highlighting the need for 
personalized interventions to effectively address their unique chal
lenges. Given these complexities, integrating fatigue monitoring into 
survivorship care is crucial, as while some survivors may experience 
improvement over time, and others may face worsening fatigue [176].

Population at risk

• Prevalence: 
- age < 30 years: 10–85 % [177]
- age 19–39 years: 25 % [178]
- age 13–24 years: 9–67 % [179]

• Treatment exposure: 
- systemic treatment
- combined with surgery and/or radiotherapy [178]
- comorbidities and other chronic conditions
- other: increasing depressive symptoms and sleep disturbances

• Primary cancer diagnosis: 
- HL [180]
- breast cancer [178]
- NHL [178]
- colorectal cancer [178]

Surveillance recommendations
The following measurement tools are suitable for monitoring fatigue 

symptoms: 

• EORTC QLQ-FA12 [181]
• EORTC QLQ-C30 (subscale fatigue) [171]
• Multidimensional Fatigue Inventory (MFI-20) [182]
• Brief Fatigue Inventory (BFI) [183]

• Functional Assessment of Cancer Therapy-Fatigue-Scale (FACT-F) 
[184]

According to the IGHG (target population: cancer diagnosis before 
the age of 30), it is also recommended to perform an initial screening for 
underlying medical conditions that may cause fatigue [177].

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

yes (G:2, C/P: 1, 
R: 2, O: 3)

Yes, up to the age of 30 awareness

Neurocognitive disorders

Background
Cancer-related cognitive impairment (CRCI) is particularly con

cerning in YACS as this stage aligns with a critical period of frontal lobe 
neurodevelopment and significant transitions related to education and 
career advancement [185].

Cognitive impairments of memory, attention, executive function or 
processing speed during this stage may adversely affect QoL, vocational 
functioning and social functioning across an extended survivorship 
trajectory [5]. The consequent productivity loss is substantial, given the 
pivotal role of AYAs within the economy. Accordingly, the failure to 
address CRCI may yield significant adverse outcomes for both in
dividuals and society, emphasizing the necessity for rigorous evaluation 
and a deeper understanding of CRCI in this demographic [186].

Population at risk
Prevalence: app. 25 % [185,187]. 

• Treatment exposure: 
- cranial RT [45]
- high doses of chemotherapy [185]
- surgical resection [185]

• Primary cancer diagnosis: 
- CNS-tumors [188]
- domain-specific CRCI vary by tumor entity [185]

• Other factors: 
- comorbidities such as anxiety/ depressive symptoms and fatigue 

[45]

Surveillance recommendations
Cognition in cancer patients can be assessed through three main 

methods: self-report questionnaires capturing patients’ perceptions of 
cognitive changes, neuropsychological testing under optimal conditions 
to evaluate peak cognitive performance, and brain imaging to identify 
structural or functional changes in the brain. While self-reports reflect 
subjective experiences, neuropsychological testing highlights best per
formance, and imaging reveals brain changes linked to cognitive func
tioning, often compensating for impairments [189].

The International Cancer and Cognition Task Force (ICCTF) is 
committed to develop guidelines for the standardized measurement of 
cognitive impairment. These guidelines have been established primarily 
in the English-speaking world, and translations into German are not yet 
available. The following assessments are currently recommended [190]: 

• HVLT-R (Hopkins Verbal Learning Test–Revised) [191]
• FACT-cog (short form; ICCTF) [192]
• EORTC QLQ-C30 [171]
• NCCN Distress-Thermometer [166]

As self-reported cognitive impairment may indicate psychological 
distress, providers should screen for mood disorders in affected patients 
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and assess cognitive issues in those with psychological symptoms. [187].
Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

yes (G:0, C/P: 3, 
R: 2, O: 3)

no awareness

Social functioning

Background
Social well-being in terms of feeling socially connected or supported 

can be a protective factor for psychological well-being in YACS [193]. A 
cancer diagnosis and treatment can disrupt social relationships, leading 
to feelings of isolation. Thereby, AYA may find it challenging to relate to 
peers who have not experienced similar health crises as well as with 
other older cancer survivors. YACS may struggle to relate to peers or 
older survivors and face challenges like post-treatment transition, 
advanced cancer, genetic risks (e.g., BRCA), uncertainty, and fertility 
concerns, which can cause feelings of loneliness and being socially 
separated [193]. This can lead to a lower social functioning in YACS, 
which is defined as having difficulties or limitations in engaging in social 
events as well as in relationships [194].

Population at risk for social isolation: [193].

- Having young children
- Greater symptom burden
- Being in health care settings

Population at risk for lower social functioning: [194].
Poor physical functioning, completed treatment, negative body 

image, engaging in social comparisons, social / cultural stigma, fatigue, 
financial problems.

Surveillance recommendations
YACS have to deal with age-related developmental as well as disease 

specific challenges. Therefore, social functioning should be taken seri
ously as integrative factors for health-related QoL and psychological 
well-being. Using psychometrically strong measures to assess social 
isolation and connectedness is strongly recommended. 

• The Patient-Reported Outcomes Measurement Information System 
(PROMIS) Social Isolation item bank [195]

• Lubben Social Network Scale [196]
• Social Connectedness Scale [197]
• Berlin Social Support Scale BSSS [198]

Health care providers should facilitate access to social support net
works like regional cancer counseling centers or other psycho- 
oncological support services if there are signs for impaired social func
tioning. YACS do also benefit from connecting with peer cancer survi
vors. Furthermore, YACS derives benefit from the provision of age- 
appropriate healthcare information regarding fertility preservation op
tions, in addition to the facilitation of discourse concerning matters of a 
sexual nature and intimate relationships.

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

yes (G:0, C/P: 0, 
R: 2, O: 0)

no awareness

Socioeconomic consequences

Background
YACS represent a highly heterogeneous group. They are either at the 

beginning of their education or studies, have just entered the workforce, 
or are in the midst of their careers. Compared to older cancer patients, 
they still have a long working life ahead of them. A cancer diagnosis 
often leads to prolonged interruptions in their education or professional 
life, resulting in significant financial challenges [199]. Due to both 
physical and psychological long-term effects, many patients require 
extended sick leave or may not regain their previous level of produc
tivity resulting in a lower work ability. In many cases, suitable work 
schedules or modifications are needed to accommodate their needs, 
especially as they often lack financial reserves. So, frequent prolonged 
sick leave and reduced working hours can significantly increase the risk 
of financial hardship because of the income loss [200].

Population at risk

– chronic conditions and/or psychological comorbidities [201]
– younger age at diagnosis [200]
– female gender [202]
– lower education [186]
– more intensive treatment [203]
– tumor entity: CNS, hematological, breast and endocrine cancers 

[202,203]

Surveillance recommendations
Despite their heterogeneity, YACS share the common experience that 

these life phases are closely linked to their health status. A decline in 
health can significantly impact their current life situation and have long- 
term consequences for the next phase. Educational and employment 
outcomes for adolescents and young adults (AYAs) diagnosed with 
cancer are critical components that significantly influence their long- 
term quality of life. Differences in how financial and insurance-related 
issues are handled across countries add further complexity to survivor
ship outcomes. These disparities can result in unequal access to essential 
follow-up care and support services for AYAs, depending on their loca
tion and the healthcare policies governing their care [203]. Therefore, a 
holistic approach that considers these interdependencies is essential to 
pave the way for a successful professional future even after overcoming 
cancer [201]. Multiple measurement time points could be used to assess 
the individual courses of YACS [204].

An interdisciplinary approach with close collaboration between on
cologists, primary care physicians, psychologists, rehabilitation spe
cialists, and social workers is essential to best support the long-term 
health and QoL of young cancer survivors. 

• Work Ability Index (WAI) [205]
• Work Limitations Questionnaire (WLQ) [206]

To gain an overview of the issues affecting patients’ QoL, it is rec
ommended to use quality-of-life questionnaires that also assess financial 
and employment situations such as the EORTC QLQ-C30. The European 
Organization for Research and Treatment of Cancer (EORTC) is 
currently developing quality-of-life questionnaires specifically for AYAs 
(EORTC QLQ-AYA), survivors (EORTC QLQ-SURV100), and financial 
toxicity (EORTC FinTox).

Late effect 
reported in 
YACS?

Evidence-based guideline 
recommendation available for 
YACS?

Surveillance or awareness 
recommendation?

yes (G:1, C/P: 0, 
R: 3, O: 3)

Yes, up to the age of 30 awareness
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Discussion

The survival rates for YACS have seen significant improvement, 
largely attributed to advancements in early diagnosis, treatment pro
tocols and specialized care provided over recent decades. Notable in
creases in survival rates have been observed for certain cancers, such as 
NHL and breast cancer, indicating better outcomes for this age group 
compared to older adults [207].

However, while survival rates are promising, these developments 
have not been entirely devoid of complications. Many YACS face a range 
of long-term effects stemming from their treatments, including chronic 
health issues like cardiovascular disease, metabolic syndrome, and 
psychological distress [2,208]. In a recent analysis, forty percent of 
YACS were affected by multiple comorbidities after 10 years as opposed 
to only 20 % in a cancer-free control group [2]. Compared to the general 
population, (A)YA cancer survivors have a higher risk to develop severe 
and life-threatening diseases that occur as a consequence of cancer 
treatment [209]. Furthermore, a higher prevalence of frailty and 
comorbidities in this cohort might be an indicator of accelerated aging 
[15]. Although recent clinical trials focus on therapy de-escalation to 
reduce long-term-sequelae (e.g., NCT04837859, NCT02661503) the risk 
of SMN among adult-onset cancer survivors has increased in recent 
decades [210]. Comparison models could demonstrate that survivors 
treated in the more recent time period experienced a lower solid tumor 
risk so that additional factors such as increased cancer screening and 
improvements in medical imaging may have contributed to the greater 
risk [210,211]. Considering the latency between cancer therapy expo
sure and sequelae, it can take years to decades before the innovations in 
oncological therapy are reflected in the occurrence of late effects.

This review offers a comprehensive approach to survivorship care by 
examining multiple organ systems and late effects. It provides evidence- 
based recommendations supported by research and expert consensus, 
using a risk stratification method to identify at-risk populations. It is 
imperative to acknowledge that physical complications have been 
demonstrated to exert a significant impact on the quality of life expe
rienced by survivors, thereby exacerbating the chronic health burden 
they face. This underscores the necessity for long-term care to address 
these complex issues.

However, existing clinical guidelines frequently lack specific pro
tocols for evaluating and managing these late effects in YACS, resulting 
in inconsistent follow-up care [8]. Moreover, while guidelines such as 
those established by the Children’s Oncology Group offer comprehen
sive care for pediatric and adolescent patients, they may not adequately 
address the unique needs of YACS [15]. This underscores the pressing 
need for a more nuanced aftercare approach that incorporates risk-based 
assessment protocols tailored to YACS.

For this review, we explored the literature on specific long-term 
surveillance recommendations for YACS focusing on a board range of 
physical as well as psychosocial late effects of cancer treatment. We 
mainly identified evidence-based guidelines provided by IGHG that 
included YACS as part of the target population. However, these guide
lines are primarily tailored to childhood and adolescent cancer survi
vors, with YACS included to a limited and variable extent (typically up 
to ages 25 or 30). Older YACS or specific recommendations for YACS 
acknowledging the different cancer entities, treatment exposures and 
challenges they face are largely lacking in these guidelines. Further
more, we only identified few survivorship guidelines from medical so
cieties mainly focusing on the first 5–10 years following cancer 
treatment, emphasizing psychosocial needs as well as SMN screening 
and a few cancer-specific topics such as cardiological late effects [9,11]. 
Except for the ESC guideline [22] that includes YACS but does not 
specifically target this population, guidelines from medical societies did 
not specify on screening modalities or intervals. The absence of these 
information as well as the lack of studies focusing on and comparing 
different screening programs and approaches for long-term surveillance 
in YACS, makes it challenging to derive robust recommendations.

We identified a considerable number of original studies highlighting 
the late effects addressed in this review. Research evaluating different 
screening approaches and developing YACS specific guidelines based on 
this evidence are urgently needed to establish a solid foundation for risk- 
stratified survivorship care. Additionally, studies investigating the late 
effects of novel therapies—currently the only area where no YACS- 
specific literature was identified—should be prioritized to inform 
future long-term surveillance strategies [15].

AYA cancer survivor face a 25 % higher incidence of SMN and a 50 % 
increased risk for any chronic condition compared to peers without a 
cancer history [15]. In addition, they frequently encounter a range of 
psychosocial challenges that complicate their transition into adulthood 
and furthermore the transition to the survivorship phase. Difficulties 
with body image, emotional distress, fear of recurrence, and social 
reintegration can enforce significant psychological burden. Therefore, 
providing targeted psychosocial support is essential for improving the 
overall well-being of AYA survivors [212]. Clear, specific recommen
dations distinguishing between surveillance and awareness measur
es—along with guidance on target populations, timing, and methods of 
screening—are critical for effectively integrating psychosocial long-term 
follow-up into survivorship care, particularly in the context of structural 
barriers and limited resources affecting implementation of care. Future 
guidelines should prioritize addressing these psychosocial challenges by 
integrating mental health services, and offering comprehensive coun
seling to assist YA in managing the complex impacts of their experiences 
[5,28]. Research shows that many survivors struggle to consistently 
attend follow-up appointments or maintain lifestyle recommendations, 
such as regular physical activity and a healthy diet [213]. Addressing 
healthier lifestyle choices and their correlation with survivorship out
comes is critical for improving the quality of life among YACS. Future 
research should aim to create and implement effective interventions that 
are not only evidence-based but also tailored to the unique needs of this 
population. Adequate communication strategies will enhance the suc
cess of these interventions. Furthermore, the underrepresentation of 
AYA patients in clinical trials represents another major gap [214]. Many 
young patients are not adequately included in research, leading to a 
paucity of evidence-based treatment protocols designed specifically for 
this age group.

It is crucial to prioritize strategies that enhance adherence to care 
recommendations and improve participation in clinical trials. Initiatives 
might include educational programs to raise awareness about the 
importance of ongoing health monitoring and the benefits of clinical 
research. Creating supportive peer networks can provide emotional 
support and heighten survivors’ engagement in their healthcare, which 
is critical during this transitional phase of care [215].

Survivorship care plans aim to bridge care gaps by providing re
sources and education to survivors and healthcare providers, ensuring 
proactive management of long-term effects [15]. These plans educate 
survivors on their health status and potential long-term effects, reducing 
unmet informational needs and fostering self-management. A well- 
designed survivorship care plan for YACS must include a comprehen
sive overview of medical history, resources for psychosocial support, 
information on fertility and lifestyle management, and strategies for 
effective communication [11].

Moreover, an interdisciplinary team is essential to address the 
unique needs of YACS, offering comprehensive support that addresses 
physical, mental, emotional, financial, and social challenges affecting 
their quality of life. The implementation of surveillance testing, physical 
examinations, personalized survivorship care plans, psychosocial sup
port services and patient education is integral to the provision of age- 
appropriate follow-up care for YACS, thereby enhancing their well- 
being [210,211]. As different cancer treatment exposures are associ
ated with the risk of developing specific late effects, risk-adapted sur
veillance programs are warranted [2].
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Conclusion

This scoping review provides a comprehensive summary of existing 
recommendations for the long-term surveillance of YACS, identifies gaps 
within the current guidelines, and underscores important areas that 
require further research to enhance surveillance strategies and improve 
patient outcomes.

Closing these gaps in survivorship guidelines is essential to 
improving long-term health outcomes and quality of life for adolescent 
and young adult cancer survivors. By addressing both physical and 
psychosocial challenges, improving patient adherence, and promoting 
clinical trial involvement, healthcare systems can provide support that is 
more effective for this vulnerable population. These strategies will help 
optimize health outcomes and ensure that young adults can lead ful
filling lives after cancer treatment.

CRediT authorship contribution statement

Katharina Egger-Heidrich: Conceptualization, Visualization, Data 
curation, Formal analysis, Writing – review & editing. Franziska Wol
ters: Data curation, Writing – review & editing. Mareike Frick: Data 
curation, Writing – review & editing. Teresa Halbsguth: Data curation, 
Writing – review & editing. Theresa Müller: Data curation, Writing – 
review & editing. Hannah Woopen: Data curation, Writing – review & 
editing. Kristin Tausche: Data curation, Writing – review & editing. 
Diana Richter: Visualization, Data curation, Writing – review & editing. 
Judith Gebauer: Conceptualization, Data curation, Formal analysis, 
Writing – review & editing.

Declaration of competing interest

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests: 
KEH received honoraria and travel support from Sanofi, servier, John
son&Johnson and Beigene. All other authors have nothing to declare.

Acknowledgements

No funding.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ctrv.2025.102992.

References

[1] Trama A, Stark D, Bozovic-Spasojevic I, Gaspar N, Peccatori F, Toss A, et al. 
Cancer burden in adolescents and young adults in Europe. ESMO Open 2023;8(1): 
100744.

[2] Chao C, Bhatia S, Xu L, Cannavale KL, Wong FL, Huang PS, et al. Chronic 
comorbidities among survivors of adolescent and young adult cancer. J Clin 
Oncol 2020;38(27):3161–74.

[3] Sender L, Zabokrtsky KB. Adolescent and young adult patients with cancer: a 
milieu of unique features. Nat Rev Clin Oncol 2015;12(8):465–80.

[4] Anderson C, Smitherman AB, Nichols HB. Conditional relative survival among 
long-term survivors of adolescent and young adult cancers. Cancer 2018;124(14): 
3037–43.

[5] Adams SC, Herman J, Lega IC, Mitchell L, Hodgson D, Edelstein K, et al. Young 
adult cancer survivorship: recommendations for patient follow-up, exercise 
therapy, and research. JNCI Cancer Spectrum. 2020;5(1).

[6] de Beijer IAE, Skinner R, Haupt R, Grabow D, Bardi E, Beccaria A, et al. European 
recommendations for short-term surveillance of health problems in childhood, 
adolescent and young adult cancer survivors from the end of treatment to 5 years 
after diagnosis: a PanCare guideline. J Cancer Surviv 2023.

[7] Moke DJ, Song Z, Liu L, Hamilton AS, Deapen D, Freyer DR. A Population-based 
analysis of 30-year mortality among five-year survivors of adolescent and young 
adult cancer: the roles of primary cancer, subsequent malignancy, and other 
health conditions. Cancers (Basel) 2021;13(16).

[8] Janssen SHM, van der Graaf WTA, van der Meer DJ, Manten-Horst E, Husson O. 
Adolescent and Young Adult (AYA) cancer survivorship practices: an overview. 
Cancers (Basel) 2021;13.

[9] Verdonck-de Leeuw I, Dawson C, Licitra L, Eriksen JG, Hosal S, Singer S, et al. 
European Head and Neck Society recommendations for head and neck cancer 
survivorship care. Oral Oncol 2022;133:106047.

[10] Ng AK, van Leeuwen FE. Hodgkin lymphoma: late effects of treatment and 
guidelines for surveillance. Semin Hematol 2016;53(3):209–15.

[11] Runowicz CD, Leach CR, Henry NL, Henry KS, Mackey HT, Cowens-Alvarado RL, 
et al. American cancer society/American society of clinical oncology breast 
cancer survivorship care guideline. CA Cancer J Clin 2016;66(1):43–73.

[12] Valcarcel B, Savage KJ, Link BK, Leonard JP, Kelly KM, Thanarajasingam G, et al. 
Comparison of survivorship care guidelines for patients with lymphoma: 
recommendations for harmonization and future research agenda. JCO Oncol. 
Pract. 2025;21(6):801–12.

[13] Mulder RL, Hudson MM, Bhatia S, Landier W, Levitt G, Constine LS, et al. 
Updated breast cancer surveillance recommendations for female survivors of 
childhood, adolescent, and young adult cancer from the international guideline 
harmonization group. J Clin Oncol 2020;38(35):4194–207.

[14] van Atteveld JE, Mulder RL, van den Heuvel-Eibrink MM, Hudson MM, 
Kremer LCM, Skinner R, et al. Bone mineral density surveillance for childhood, 
adolescent, and young adult cancer survivors: evidence-based recommendations 
from the International late Effects of Childhood Cancer Guideline Harmonization 
Group. Lancet Diabetes Endocrinol 2021;9(9):622–37.

[15] Berkman AM, Betts AC, Beauchemin M, Parsons SK, Freyer DR, Roth ME. 
Survivorship after adolescent and young adult cancer: models of care, disparities, 
and opportunities. J Natl Cancer Inst 2024;116(9):1417–28.

[16] Emery J, Butow P, Lai-Kwon J, Nekhlyudov L, Rynderman M, Jefford M. 
Management of common clinical problems experienced by survivors of cancer. 
Lancet 2022;399(10334):1537–50.

[17] Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA 
Extension for Scoping Reviews (PRISMA-ScR): checklist and explanation. Ann 
Intern Med 2018;169(7):467–73.

[18] Hayek S, Libresco G, Barda N, Chao C, Xu L, Cannavale KL, et al. Chronic health 
conditions among long-term survivors of adolescent and young adult cancer: a 
comparison of outcomes in Israel and the United States. Cancer 2023;129(11): 
1763–76.

[19] Liuhto N, Grönroos MH, Malila N, Madanat-Harjuoja L, Matomäki J, 
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