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Introduction

Cancer survival rates in the pediatric age 
have notably increased in recent decades, 
where prevention as well as early diagnosis 
of late sequelae strategies have become 
essential.

T he number of childhood can-
cer survivors has increased sig-
nif icantly in the last 40 years, 

increasing from 58% survival between 
1975-1977 to 83% between 2008-2014(1). 
In Spain, a 23% increase in survival 
was observed (from 54 to 77%, from 

1980-1984 to 2000-2004), with a 50% 
decrease in the risk of death in that 
period (https://www.uv.es/rnti/cifras-
Cancer.html). In Europe, 1 in 500-600 
children will develop a malignancy 
before the age of 15 and it is estimated 
that, in the next few years, one in 450 
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Abstract
Over the last several decades there has been 
a significant increase in the survival of most 
pediatric tumors, which is undoubtedly a success, 
but generates a new scenario with an increase in 
late side effects and premature mortality compared 
to the general population. Therefore, it is highly 
important to develop models for follow-up care 
of childhood cancer survivors, which allow fluid 
and efficient communication between healthcare 
professionals, individualized management for each 
patient, implementation of healthy lifestyle habits 
and early diagnosis protocols for relapses and late 
sequelae. Following this approach, adherence to 
follow-up will be increased and the severity of 
chronic toxicity will be reduced.
There are national and international consensus 
guidelines of increasing quality, but with a high 
degree of heterogeneity between them. In this 
article reference will be made to these follow-up 
guidelines, highlighting the specific late side 
effects on each organ system, their prompt 
recognition and recommendations for longterm 
management. 

Resumen
En las últimas décadas, se ha experimentado un 
notable incremento en la supervivencia de los tumores 
diagnosticados en edad pediátrica, lo cual supone 
indudablemente un éxito de la medicina, pero genera 
un nuevo escenario, con un aumento de los efectos 
secundarios tardíos y de la mortalidad prematura 
respecto a la población general. Es de vital importancia, 
por tanto, el desarrollo de modelos de seguimiento del 
paciente superviviente, que permitan una comunicación 
fluida y eficiente entre profesionales sanitarios, 
un manejo individualizado para cada paciente, la 
implementación de hábitos de vida saludables y de 
protocolos de diagnóstico precoz, de recaídas y de 
secuelas tardías. De esta forma, se aumentará la 
adherencia al seguimiento y se reducirá la gravedad 
de la toxicidad crónica.
Existen guías de consenso nacionales e internacionales, 
cada vez de mayor calidad, pero con una elevada 
heterogeneidad entre ellas. A lo largo de la siguiente 
revisión, se hará referencia a estas guías de 
seguimiento, haciendo especial hincapié en los efectos 
secundarios tardíos por aparatos, su diagnóstico precoz 
y recomendaciones de manejo a largo plazo. 
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young adults will be a childhood can-
cer survivor in Europe(2). In contrast to 
this great advance, there is a high pre-
valence of morbidity in the form of late 
side effects. The Children’s Oncology 
Group (COG) in a childhood cancer 
survival study observed the existence 
of at least one chronic problem in the 
second decade of life in almost 60% of 
survivors and more than 30% of severe 
chronic sequelae 30 years after diag-
nosis(3). The St. Jude Lifetime Cohort 
Study published a study in which it was 
observed that at 45 years of age, 95.2% of 
the survivors reported at least one chro-
nic health condition, being it serious, 
disabling or life threatening in 80% of 
the cases (twice that of the general popu-
lation at that age)(4).

Cancer treatments predispose reci-
pients to excess morbidity and prema-
ture mortality compared to the general 
population. The risk is directly propor-
tional to the intensity of the treatment 
to achieve the cure of the disease, being 
more burdensome in the case of mul-
timodal therapy and in patients who 
have received several treatments due to 
relapse. Age is a determining factor, the 
younger the more toxic effects on linear 
growth, skeletal maturation, intellectual 
functionality, sexual development and 
organic functionality.

Although these are worrisome data, 
the impact of these late effects can be 
modified through early detection and 
adequate management of the patho-
logies, as well as, prevented in part 
through a modif ication of lifestyle 
habits(1). Likewise, it has become a gene-

ralized trend of current protocols to seek, 
in cases where a good long-term survival 
result has been achieved, to reduce acute 
and chronic toxicity without detriment 
to survival (e.g., acute lymphoblastic leu-
kemia, nephroblastoma, Hodgkin lym-
phoma, certain brain tumors...), in par-
ticular, reducing the use of radiotherapy 
and adjusting the intensity of treatment 
to the individual risk(5,6).

Reducing late effects and early detec-
tion of them, if they exist, has become 
a goal for these patients, in order to 
improve their quality of life. Follow-up 
and recommendations must be indi-
vidualized according to the personal 
characteristics of each survivor, type of 
tumor, treatment received, age, comorbi-
dities, lifestyle, and existence of dysmor-
phic syndromes or predisposition to can-
cer(1) (Fig. 1). Side effects increase with 
age, but can manifest throughout life, 
hence, an adequate monitoring based on 
recommendations and consensus guide-
lines, from pediatric age to adulthood is 
essential.

Follow-up Models of Childhood 
Cancer Survivors 

There is not a unique model for the 
monitoring of long-term side effects, and 
the superiority of one over the others has 
not been demonstrated by studies of ade-
quate duration and methodology. Table 
I contains a comparison between the 
different models, their advantages and 
disadvantages(1). In general, the most 
suitable option would be the one that 
best suits the individual characteristics 
of the patient. In our environment, joint 

work between healthcare professionals 
from the hospital and Primary Care set-
ting is essential, as well as a progressive 
and structured transition to the adult 
care model. Information transfer is cru-
cial, especially: previous medical history, 
dates of diagnosis and end of treatment, 
diagnostic tests at diagnosis and during 
fol low-up, multimodal treatments 
received and their doses, complications 
related to them or to the disease itself, 
relapses and follow-up plan (Table II). 
Producing detailed medical reports for 
the physicians who will provide ongoing 
care for survivors in Primary Care or 
during their adulthood is paramount 
and often one of the deficits of hospi-
tal care. In this sense, a good number 
of Pediatric and Adolescent Oncology 
and Hematology services are making 
efforts to implement specif ic follow-
up consultations for the survivor and 
transition to adult care, paying special 
attention to the elaboration of “survivor’s 
passport”. There are tools promoted by 
the International Society of European 
Pediatric Oncology (SIOPe) (http://
www.survivorshippassport.org/) and 
through European projects such as the 
PanCareSurPass project (Horizon 2020-
EU.3.1.5 Framework Program, https://
cordis.europa.eu/project/id/899999/es).

Follow-up recommendations

There are consensus guidelines for the 
follow-up of survivors from different inter-
national groups that, although heteroge-
neous and variable in the recommenda-
tions, result very useful.

In recent years, national and interna-
tional guidelines have been developed for 
the monitoring of long-term side effects 
in survivors. In the United States, the 
Children’s Oncology Group (COG) 
periodically publishes the “Long-Term 
Follow-Up Guidelines for Survivors 
of Childhood, Adolescent, and Young 
Adult Cancers” (latest version: 5.0, 
October 2018). It is a guide based on the 
individual risk, tools for diagnosis and 
management of side effects. The current 
version is accessible through the website 
www.survivorshipguidelines.org(7). In 
Europe, three large groups have deve-
loped similar guidelines: the UKCCSG 
(United Kingdom Children’s Cancer 
Study Group) “Therapy Based Long-
Term Follow Up Practice Statement”(8), 

• Varied, healthy diet. Avoid excess of caloric intake. Adequate supply of calcium 
and vitamins. Regular consumption of fresh fruits and vegetables. Low in fat 
and high in fiber.

• Adequate oral and dental hygiene. Strict cavity surveillance.

• Avoidance of tobacco and other drugs of abuse. Limited alcohol intake.

• Active lifestyle, avoiding sedentary lifestyle. Perform aerobic exercise 
on a regular basis.

• Minimize direct sun exposure, especially in irradiated areas.

• Avoid risky sexual relations, in order to reduce as much as possible, the 
probability of contracting chronic infections that increase the risk of organ 
failure or second tumors (hepatitis B, hepatitis C, human immunodeficiency 
virus).

• Follow the vaccination guidelines recommended by the Spanish Association 
of Pediatrics - Vaccine Advisory Committee - as well as by the relevant entities 
during adult life.

Figure 1. Lifestyle recommendations and health promotion.

http://www.survivorshippassport.org/
http://www.survivorshippassport.org/
https://cordis.europa.eu/project/id/899999/es
https://cordis.europa.eu/project/id/899999/es
http://www.survivorshipguidelines.org
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Table I.  Different types of follow-up models of late effects in pediatric or adolescent cancer survivors

Model type General characteristics Advantages Drawbacks

Hospital-based - Follow-up focused on 
hospital survivor follow-up 
units

- Usually in the hospital 
where the treatment was 
administered, by a team 
specialized in late effects

- Multidisciplinary (Pediatric Oncology, 
Oncology Nursing, Education Specialists, 
Medical Oncology and pediatric and adult 
subspecialists)

- Long-term comprehensive monitoring
- Close relationship with the Nursing staff
- Specific advice for health promotion
- Interpersonal network with other survivors 

and family members
- Access to social and educational 

resources

- A survey conducted by the Swiss Childhood 
Cancer Registry reported that, although 
this model was preferred by parents, care 
by Primary Care or generalist physicians 
was preferred by patients (Vetsch et al. 
Eur J Cancer Care 2017)

- It might not be the best model for patients 
without active late effects with yearly follow-
ups, nor in environments with difficult 
access to the hospital 

Multidisciplinary 
clinic or 
specialty center

- It can offer access 
to a specialized 
multidisciplinary team, 
but outside the hospital 
environment, in clinics 
or centers specialized in 
long-term follow-up of 
pediatric or adolescent 
cancer survivors 

- Improved access to multiple medical 
specialists, psychologists, and skilled 
nursing

- Less loss of academic or work time
- Good communication and collaboration 

between specialties
- Continuity of care
- Greater patient satisfaction

- It is a model designed for survivors with 
complex care needs, which may be 
unnecessary or economically inefficient for 
patients without active complications or 
associated comorbidity

Mixed  - It is characterized by 
shared follow-up through 
close collaboration 
between the primary 
care general practitioner 
or pediatrician and 
the hospital center or 
specialized clinic

- The general practitioner 
performs health 
monitoring, care and 
promotion, while the 
specialist is available for 
consultation or assessment 
in the event of a problem.

- There is greater experience and ability to 
promote healthy lifestyle habits in Primary 
Care

- Quick access for consultation
- Comprehensive assessment of the patient 

in a global context
- Close patient-doctor relationship
- Empowerment of survivors by taking 

responsibility over their own health
- High satisfaction index in countries where 

this care model is implemented, e.g.: 
The Netherlands (Blaauwbroek R et al. 
Lancet Oncol 2008)

- Some studies have observed a higher 
percentage of active survivors in follow-up 
than in models focused exclusively on the 
hospital/specialized setting (Ducassou S 
et al. Pediatr Blood Cancer 2017)

- Sometimes there is lack of information about 
the history of the disease and treatments 
received, as well as a degree of ignorance on 
the part of the survivor

- There may be a lack of awareness about the 
importance of follow-up and healthy lifestyle 
habits

- There may be a lack of capacity for an early 
diagnosis and follow-up of late side effects in 
the generalist setting or, in other occasions, 
an inadequate perception of it by the general 
practitioner or the survivor

- The success of this model depends on a 
close and fluid collaboration between the 
general practitioner and the multidisciplinary 
teams of the specialized centers, the 
preparation and updating of consensus 
guidelines, the preparation of adequate 
medical reports including the diagnosis, 
treatment and personalized risk for the 
survivor by the specialists and, finally, an 
adequate education of patients and general 
practitioners

Assistance 
coordinated 
by Oncology 
Nursing 

- In this model, a specialist 
nurse in long-term effects 
offers the survivor: clinical 
experience, education 
related to healthy 
lifestyle habits and about 
responsibility in self-care, 
psychological support, 
care coordination and 
telephone consultation

- It takes advantage of the fundamental role 
of Nursing in educating both survivors and 
professionals about the necessary care to 
prevent long-term side effects, in the care 
coordination and communication between 
specialists

- Survivors usually value the relationship 
and personal attention with the referring 
nurse as one of the best points of these 
programs

- In most healthcare systems in our 
environment this model has not been 
implemented, being the role of Nursing a 
secondary one within the multidisciplinary 
teams that monitor surviving patients

Transition to 
adult teams

- The transfer of care 
from pediatric to adult 
specialties is essential 
at a given point in the 
evolution of survivors, 
since these are the ones 
who can provide the most 
appropriate care in this 
age range

- Despite the difficulties, progress is 
being made in adult transition programs, 
especially in Europe and, specifically, 
in our environment, through the 
implementation of transition programs 
and consultations

- The development and implementation of a 
collaboration between pediatric and adult 
hospitals, improves adherence to follow-
up in adulthood

- Transition is often carried out in a suboptimal 
way, with an inefficient transmission of 
information and without adequate late 
effects follow-up programs

- There are various difficulties in the transition 
(age, survivor’s desire not to follow-up, lack 
of resources or infrastructure, increase in the 
number of survivors...), the population most 
at risk of losing follow-up being young adults

- On many occasions, there is a training deficit 
among pediatric and medical oncologists, 
little institutional support and scarce 
resources
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the “Long Term Follow Up of Survi-
vors of Childhood Cancer, A National 
Clinical Guideline” (Scottish Interco-
llegiate Guidelines Network, SIGN)(9) 
and the “Guidelines for follow-up after 
childhood cancer more than 5 years 
after diagnosis” (Late Effects Taskforce 
of the Dutch Childhood Oncology 
Group, DCOG LATER)(10). Each of 
these recommendations uses a different 
methodology and, at times, the recom-
mendations are variable. With the aim 
of homogenizing them, the International 
Late Effects of Childhood Cancer Gui-
deline Harmonization Group (IGHG) 
was created, however, given the com-
plexity of the issue, for now, it has only 
prepared documents for the screening 

of breast cancer, cardiomyopathy, early 
ovarian failure, male gonadal toxicity, 
thyroid cancer and ototoxicity (www.
ighg.org/guidelines/). The Spanish 
Society of Pediatric Hematology and 
Oncology (SEHOP) published the guide 
“Late effects in survivors of childhood 
cancer” in 2012, which constitutes a tool 
of indisputable value(11). The need to 
develop consensus guidelines is obvious, 
but the long-term cost-effectiveness of 
these recommendations remains unk-
nown(1).

Late effects on organs and body 
systems

There are guidelines for side effects 
tailored to each specific treatment that, 

due to their breadth, far exceed the 
length of this article(7,8). Thus, we will 
focus on side effects by organs or sys-
tems. They are shown in table III in a 
very summarized manner.

Cardiology sequelae

Patients at greatest risk are those receiving 
high-dose anthracyclines, chest or medias-
tinal radiation therapy, or both; however, 
other conventional and targeted therapies 
also require vigilance.

Cardiovascular complications are one 
of the main problems for survivors, with 
an increased risk of heart failure compa-
red to the general population (15 times 
higher) and premature death from car-

Table II.  Format of Long-Term Follow-Up Sheet of Pediatric Cancer Survivors and Survivorship Passport 

PERSONAL INFORMATION:
•	 Name
•	 Date of birth
•	 Sex
•	 Family history of cancer risk
•	 Cancer predisposition syndromes
•	 Comorbidity

DIAGNOSTIC DATA:
•	 Date of diagnosis (age at diagnosis)
•	 Institution. Telephone and contact email
•	 Diagnosis
•	 Location
•	 Laterality
•	 Metastasis

FIRST-LINE TREATMENT:
•	 Protocol and treatment group
•	 Treatment summary
•	 Progression or recurrence
•	 Chemotherapy:

- Treatment start and end dates
- Conventional chemotherapy and 

targeted therapies. Cumulative dose
- Intrathecal medication. Cumulative 

dose
- Hormone therapy. Cumulative dose
- Immunotherapy. Cumulative dose
- Other treatments
- Associated complications

•	 Radiotherapy, brachytherapy, or proton 
therapy:
- Treatment start and end dates
- Type and technique
- Dose, fractionation and localization
- Associated complications

•	 Metabolic therapy (with 
radiopharmaceuticals):
- Treatment start and end dates
- Cumulative dose
- Associated complications

HEMATOPOIETIC STEM-CELL 
TRANSPLANTATION:
•	 Transplant date
•	 Donor type
•	 Type of conditioning
•	 Associated complications

MAJOR SURGERY:
•	 Surgery date
•	 Procedure description
•	 Associated complications

OTHER RELEVANT INFORMATION:
•	 Type of central venous catheter. 

Location
•	 Type and number of transfusions 

received. Date of last transfusion

RELAPSE TREATMENT (if applicable):
•	 Chemotherapy:

- Treatment onset and end dates
- Conventional chemotherapy and 

targeted therapies. Cumulative dose
- Intrathecal medication. Cumulative 

dose
- Hormone therapy. Cumulative dose
- Immunotherapy. Cumulative dose
- Other treatments
- Associated complications

•	 Radiotherapy, brachytherapy, or proton 
therapy:
- Treatment start and end dates
- Dose, fractionation and localization
- Associated complications

•	 Metabolic therapy (with 
radiopharmaceuticals):
- Treatment start and end dates
- Cumulative dose
- Associated complications

SIGNS AND SYMPTOMS TO WATCH 
OUT FOR:
•	 Constitutional syndrome
•	 Night sweats
•	 Fever of unknown or prolonged 

origin
•	 Persistent respiratory symptoms
•	 Precordial pain. Palpitations
•	 Dyspnea on exertion or rest
•	 Intolerance to physical exercise 

or basic activities of daily life
•	 Osteoarticular pain. Functional 

impotence
•	 Voiding symptoms. Hematuria
•	 Visual disturbances
•	 Pathological lymphadenopathy
•	 Soft tissue tumors 
• Abnormal bowel habits
• Menstrual abnormalities
• Psychomotor or cognitive 

difficulties
• Neurological or sensory disorders 
• Emotional disturbance or behavior 

change

PHYSICAL EXAMINATION:
•	 Weight, height, BMI, growth rate
•	 Blood pressure
•	 Pubertal development
•	 Adenomegaly and soft tissue 

masses
•	 Cardiopulmonary, abdomen and 

pelvis, skin and adnexa, ENT, 
osteoarticular system, breasts and 
testicles, thyroid gland

•	 Dental exam

Specific follow-up recommendations and individualized risks. 
Based on personal records and Survivorship Passport. Available at: http://www.survivorshippassport.org/.

http://www.ighg.org/guidelines/
http://www.ighg.org/guidelines/
http://www.survivorshippassport.org/
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Table III.  Specific follow-up recommendations, according to the treatment received and the location

Radiotherapy/Proton therapy

Location Potential organic 
damage

Toxicity Diagnosis and follow-up

Head Brain Neurocognitive disorders Neurocognitive studies

Eyes Cataracts Annual eye exam

Meninges Meningioma Brain MRI, if persistent headache or appearance of new 
neurological symptoms

Pituitary (Pan) hypopituitarism Determination of LH, FSH, TSH, GH

Teeth Altered dentition
Osteonecrosis

Frequent dental care and dental examinations 

Neck Carotid arteries Cerebrovascular disease Carotid Doppler Ultrasound

Thyroid Thyroid dysfunction
Thyroid cancer

Annual thyroid function examination and test
In case of palpation of nodules and thyroid ultrasound

Chest Breasts Breast cancer Breast cancer screening (palpation, mammography, 
ultrasound, MRI)

Heart Cardiomyopathy
Cardiovascular disease
Valvular heart disease

Echocardiogram, electrocardiogram, and stress test

Lungs Pulmonary fibrosis Lung function test

Abdomen Kidney Renal insufficiency Creatinine, cystatin C, and urinalysis

Liver Liver fibrosis Liver function test
Liver ultrasound/Elastography

Pancreas Diabetes Glucose tolerance test, insulin and hemoglobin A1C

Spleen Functional hypo/asplenia Diagnosis and active management of infections in case 
of fever of unknown origin

Pelvis Gonads Gonadal dysfunction Determination of FSH, LH, estradiol (women), 
testosterone (men) and semen analysis (men)

Skeleton Bones Osteopenia/osteoporosis Vitamin D levels and phospho-calcium metabolism
Bone densitometry

Osteonecrosis MRI of the affected area in case of symptoms

Bone marrow Secondary leukemia
Myelodysplastic syndrome

Full blood count with leukocyte formula
Bone marrow aspirate/biopsy if indicated

Skin Skin Skin cancer Dermatological examination

Chemotherapy

Alkylating 
agents

Bone marrow Secondary leukemia
Myelodysplastic syndrome

Full blood count with leukocyte formula

Bone marrow aspirate/biopsy, if indicated

Gonads Gonadal dysfunction Determination of FSH, LH, estradiol (women), 
testosterone (men) and semen analysis (men)

Kidney Renal insufficiency Creatinine, cystatin C, and urinalysis

Anthracyclines Bone marrow Secondary leukemia
Myelodysplastic syndrome

Full blood count with leukocyte formula

Bone marrow aspirate/biopsy if indicated

Heart Cardiomyopathy Electrocardiogram and echocardiogram

Antimetabolites Brain Neurocognitive defects Neurocognitive tests

Liver Liver dysfunction Liver function test

Corticosteroids Bones Decreased bone mineral 
density

Bone densitometry
Phospho-calcium metabolism and vitamin D levels

Osteonecrosis MRI of the affected area in case of symptoms

Epipodophyllo-
toxins

Bone marrow Secondary leukemia Full blood count with differential count
Peripheral blood smear (if indicated)

Vinca alkaloids Peripheral nervous 
system

Sensory-motor neuropathy Complete neurological examination
Neurophysiological studies

Intrathecal 
chemotherapy

Central Nervous 
System

Neurocognitive deficits Neurocognitive tests
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diac causes (7 times higher)(12). Anthra-
cyclines, regardless of the type, produce 
direct and indirect toxicity (free radicals) 
on the myocyte. There is no safe dose if 
long-term normal cardiovascular status 
is the goal. Chronic toxicity manifests 
itself months or even many years later, 
consisting of dose-dependent non-
ischemic degenerative dilated cardiom-
yopathy (more frequent than restrictive) 

due to irreversible myocardial damage, 
as well as arterial hypertension, ischemic 
heart disease, and heart failure. Serious 
arrhythmias, tachycardia, ventricular 
fibrillation and even second- and third-
degree blocks may appear. The incidence 
of conventional cardiotoxicity is 7.5-10% 
30 years after finishing treatment(12,13). 
Female sex, earlier age, higher cumu-
lative dose (> 250 mg/m2), and conco-

mitant cardiothoracic irradiation are 
associated with an increased risk of car-
diotoxicity and greater severity. There 
are also other classic chemotherapy 
agents (cyclophosphamide, cytarabine, 
cisplatin, ifosfamide, paclitaxel, 5-fluo-
rouracil...) that produce cardiac toxicity 
by other mechanisms(14). In recent years, 
other emerging therapies must also be 
considered, such as proteasome, HER2, 
VEGF and tyrosine kinase (TK) inhi-
bitors, as well as immunotherapy, inclu-
ding CAR-T cell therapy and immune 
checkpoint inhibitors(15) (Table IV).

The development of cardioprotective 
molecules has been a desire over the last 
years. Dexrazoxane has been postulated 
as a strong candidate, as it improves the 
cardiotoxicity observed with anthra-
cyclines. Its use has been limited by the 
suspicion that it could interfere with the 
efficacy of anthracyclines, as well as by 
a possible contribution to the develop-
ment of secondary neoplasms. None of 
these aspects have been proven in recent 
studies, including a meta-analysis with 
a sample of 4,639 children treated with 
anthracyclines for different neoplasms 
(Shaikh F et al., J Natl Cancer Inst. 
2016). The American Heart Association 
and the American Academy of Pediatrics 
recommend its use as a cardioprotective 
agent in protocols that use anthracycli-
nes (the Children’s Oncology Group 
-COG- recommends it since 2015 in 
those protocols that involve doses ≥ 
150 mg/m2 or cardiothoracic radiothe-
rapy). In our setting, it is not routinely 
used in the clinical practice. The use 
of liposomal forms of anthracyclines 
and analogues (epirubicin, idarubicin, 
mitoxantrone) could improve long-term 
toxicity(14) and long-term (6-96 hours) 
dosing regimens are recommended ins-
tead of boluses. Drugs such as enalapril 
or phosphocreatine (Cheuk DKL et al. 
Cochrane Database Syst Rev. 2016), 
beta-blockers, statins or anti-aldostero-
nic agents have not been shown to have 
a protective effect. 

The mediastinal/thoracic radiothe-
rapy produces acute inf lammation 
on the cardiomyocytes and generates 
hypercoagulability. Oxidative stress 
leads to chronic inflammation and sub-
sequent fibrosis (Velásquez CA et al. Rev 
Colombiana Cardiol 2018). Risk factors 
include: high cumulative doses (> 30-35 
Gy), high daily doses (> 2 Gy/session), 
age <50 years at the time of therapy, 

Table IV.  Chemotherapeutic agents and type of cardiotoxicity

Chemotherapeutic agent Cardiac toxicity

Anthracyclines (doxorubicin, 
daunorubicin, epirubicin)

- Cardiomyocyte toxicity, fibrosis, and heart failure

Anti-HER2 (trastuzumab, 
pertuzumab)

- Cardiomyocyte toxicity, fibrosis, and heart failure

Proteasome inhibitors 
(bortezomib)

- Cardiomyocyte toxicity, fibrosis and heart failure

Alkylating agents derived 
from nitrogen mustards
(Cyclophosphamide, 
ifosfamide, melphalan, 
chlorambucil, dacarbazine)

- Cardiomyocyte toxicity, fibrosis, and heart failure
- Thromboembolism
- Pericardial effusion
- Cardiac ischemia
- Arrhythmias

Platinum-derived alkylating 
agents (cisplatin, 
carboplatin, oxaliplatin)

- Ischemic heart disease and myocardial infarction
- Arrhythmias
- Arterial hypertension
- Raynaud´s phenomenon 

Antimetabolites 
(5-fluorouracil, 
capecitabine, methotrexate)

- Ischemic heart disease and myocardial infarction
- Arrhythmias

Topoisomerase II inhibitors 
(etoposide)

- Ischemic heart disease
- Vasospasm

Tyrosine kinase inhibitors 
(imatinib, sunitinib, 
nilotinib, trametinib, 
vandetanib...)

- Cardiomyocyte toxicity, fibrosis, and heart failure
- Myocardial ischemia and coronary disease
- Arterial hypertension
- Arrhythmias

Microtubule inhibitors 
(paclitaxel, docetaxel)

- Arrhythmias
- Left ventricular dysfunction
- Ischemic heart disease

Anti-VEGF (bevacizumab) - Arterial hypertension
- Arrhythmias
- Thromboembolic disease 

Antitumor antibiotics 
(bleomycin, mitomycin C)

- Pericarditis (bleomycin)
- Ischemic heart disease (bleomycin)
- Heart failure (mitomycin C > 30 mg/m2)

Immune checkpoint 
inhibitors (nivolumab, 
pembrolizumab)

- Myocarditis (rare, but fatal in 50% of cases)
- Ischemic heart disease
- Pericarditis. Pericardial effusion
- Thromboembolic disease 
- Arrhythmias

From: Salas Segura J, Pérez Carvajal JI. Rev. Costarric. Cardiol. Vol. 21 (1), 
June, 2019, as well as data from the author.
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previous history of heart disease or car-
diovascular risk factors, and concomitant 
cardiotoxic chemotherapy treatment(7). 
Toxicity manifests as: ventricular dys-
function, endothelial damage (increased 
vascular risk, coronary artery disease, 
degenerative aortic vascular disease or 
supra-aortic trunk disease, stroke), dila-
ted or restrictive cardiomyopathy, chro-
nic/constrictive pericarditis, degenerative 
valvular disease and arrhythmias.

In summary, high-risk patients are 
those who have received ≥ 250 mg/m2 
of anthracyclines, > 35 Gy of chest radia-
tion or ≥ 100 mg/m2 of anthracyclines + 
≥ 15 Gy of irradiation(12). Surveillance in 
high-risk patients should begin no later 
than 2 years after the end of cardiotoxic 
treatment and should be repeated 5 years 
after diagnosis, continuing every 5 years 
or sooner if necessary.

The semiology to be monitored will 
be dyspnea, chest pain, palpitations, 
intolerance to exercise and activities 
of daily life. Routine cardiopulmonary 
auscultation is recommended, as well as 
ruling out the presence of carotid mur-
murs. Echocardiography is the main 
imaging test for diagnosis and follow-up, 
with magnetic resonance imaging being 
an interesting supplementation in selec-
ted cases (not as a screening technique)
(16). The electrocardiogram is a tool for 
the diagnosis of arrhythmias and car-
diomyopathy, being necessary, on occa-
sions, the performance of stress tests and 
Holter tests(7).

Regarding biomarkers, atrial natriu-
retic peptide, especially its pro-B NT 

fraction, could be a predictor of sub-
sequent dysfunction if elevated during 
treatment. In asymptomatic patients, it 
should be interpreted with caution and 
always in combination with other ele-
ments. They are not recommended as 
the sole follow-up strategy in high-risk 
patients(12).

Regular exercise is recommended 
for survivors with normal ventricular 
function. The American College of 
Sports Medicine recommends 30-40 
minutes of aerobic exercise, five times a 
week, along with 2 days of higher inten-
sity training. In case of exercise-related 
symptoms, these should be promptly 
communicated. Other cardiovascular 
risk factors (hypertension, diabetes, dys-
lipidemia and obesity) should be moni-
tored, and tobacco use avoided. During 
pregnancy, these patients should be clo-
sely followed, especially during the first 
trimester(12).

Finally, chronic fatigue syndrome 
should be considered, as it has a variable 
prevalence depending on the series (10-
80%), although it is generally considered 
to affect 30% of children, adolescents 
and young adults. It consists of a sub-
jective experience of persistent fatigue 
and severe tiredness, years after diag-
nosis, unexplained by organic causes, 
and that does not improve with rest. It 
is difficult to differentiate from depres-
sion. Risk factors include: having recei-
ved radiotherapy (pulmonary therapy is 
the most clearly related), psychological 
stress, relapses, comorbidity of other 
side effects, female sex, unemployment 

and affective loneliness. It is inversely 
correlated with time progression since 
treatment and with an adequate social 
and labor integration. There are tools for 
its diagnosis (PROMIS pediatric fatigue 
measures, PedsQL MFS). Management 
is carried out through behavioral therapy 
(physical exercise, time management, 
social and occupational integration...), as 
the efficacy of pharmacological therapies 
has not been demonstrated(17).

Respiratory sequelae

Pulmonary toxicity is a common late com-
plication, which can have a great impact 
on the quality of life of survivors, hence 
the importance in having a high index of 
suspicion.

Chronic respiratory tract damage 
can be related to primary or metasta-
tic disease, infectious complications 
during treatment, and multimodal 
therapies themselves. The presentation 
can be acute or chronic, as summarized 
in Table V. The cumulative incidence 
of pulmonary complications increases 
with the time elapsed since diagno-
sis(16), in particular, pulmonary fibrosis 
and chronic pneumonitis. Radiation 
therapy can cause oxidative damage 
to the vascular endothelium and affect 
the normal development of the chest 
wall, especially beyond 20 Gy(8,16). 
In patients receiving a hematopoietic 
stem cell transplant there is a special 
vulnerability, due to the conditioning 
regimens, complications derived from 

Table V.  Acute and chronic pulmonary complications related to multimodal treatment

Acute complications Chronic complications

Chemotherapy - Interstitial pneumonitis (methotrexate, 
bleomycin, procarbazine, carmustine (BCNU), 
mitoxantrone)

- Pulmonary edema (cytarabine, trans-retinoic 
acid, interleukin-2, bleomycin)

- Pulmonary fibrosis (bleomycin, busulfan, 
carmustine (BCNU), mitomycin C, 
cyclophosphamide, ifosfamide)

Radiotherapy - Radiation pneumonitis - Radiation pneumonitis

Hematopoietic stem cell 
transplantation

- Post-transplant lymphoproliferative syndrome
- Diffuse alveolar hemorrhage
- Engraftment syndrome
- Eosinophilic pneumonia 
- Pulmonary alveolar proteinosis
- Acute graft versus host disease (GVHD)
- Cryptogenic organizing pneumonia 

- Post-transplant lymphoproliferative 
syndrome

- Obliterative bronchiolitis
- Respiratory failure with restrictive pattern 

Related to surgical 
procedures

- Pneumothorax/hemothorax
- Diaphragmatic hernia

- Functional restriction of the thoracic wall
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graft versus host disease (GVHD) and 
respiratory infections associated with 
the procedure.

During follow-up, watchful vigilance 
should be kept for guiding symptoms 
such as persistent dry cough, dyspnea, or 
exercise intolerance. Lung auscultation 
should be performed during visits, with 
baseline O2 saturation and chest X-ray, 
if symptoms are present. In these cases, 
the study of lung function is essential, 
specially assessing restrictive patterns 
(forced vital capacity, diffusion capacity). 
Many patients have asymptomatic or 
oligosymptomatic lung function abnor-
malities, which should be followed for 
possible progressive deterioration. The 
avoidance of tobacco use and its passive 
inhalation should be advised(11).

Neuropsychological sequelae

Many patients, particularly in high-risk 
groups, present late neurological, sensory, 
or cognitive toxicity that impacts their cog-
nitive function and psychosocial integration 
in adult life.

Neurocognitive sequelae are observed 
in up to 40-45% of survivors, mainly in 
those who have suffered a primary or 
secondary tumor involvement of the 
central nervous system and in those 
who have received radiotherapy at that 
level (CNS tumors, acute lymphoblas-
tic leukemia in previous protocols). 
Sometimes, there is a functional defi-
cit (visual abnormalities, cranial nerve 
deficit, hemiparesis, ataxia...) derived 
from the growth of the tumor itself or 
from its resection surgery. In the long 
term, the manifestations can be sensory-
motor (aphasia, paresis, focal deficits, 
peripheral neuropathy...) or neurocog-
nitive (memory, attention, learning, 
speed of processing and execution of 
tasks, decreased school performance...). 
Radiation therapy is especially harmful 
in children younger than 3-5 years of 
age. A higher dose is associated with a 
higher risk of neurocognitive sequelae, 
in relation to leukoencephalopathy and 
vascular microangiopathic lesion(11).

At the peripheral nervous system 
level, sequelae can be observed in 
patients treated with cisplatin doses > 
300 mg/m2 and with vinca alkaloids 
(especially vincristine, particularly in 
malnourished children). Cisplatin is 
often associated with sensory neuro-

pathy. Vincristine rarely causes chronic 
neuropathy, but if present, it can be mul-
tiple (sensorimotor, autonomic, cranial 
nerves). In these cases, neurophysio-
logical studies are required, as well as 
offering adequate rehabilitation support, 
occupational therapy and analgesia if the 
neuropathy is painful(9).

A follow-up assessment of inte-
llectual, visual, sensory perception, 
memory, language and learning capa-
city is recommended, assessing academic 
performance and behavior in the family 
and social environment. When stagna-
tion or deficits are observed in any of 
these areas, early intervention is deemed 
necessary. Imaging tests (CT angiogra-
phy, MR angiography) may be required 
to complete the global assessment, as 
well as an assessment by Neuropediatrics 
and Psychology(10).

At a psychological level, there is up 
to 80% more probability of presenting 
psychological limitations that affect the 
quality of life and two times more emo-
tional stress when a comparison with 
the patient’s siblings is established. Not 
all tumors present the same pattern of 
psychological sequelae. Brain tumor sur-
vivors display a higher rate of depression, 
somatization, fatigue, and drowsiness; 
and those of leukemia, more stress, 
depression and anxiety during adoles-
cence, compared to other tumors and the 
general population(8).

Brain irradiation is associated with 
psychological stress, somatization, a 
greater feeling of fatigue, poorer physical 
and mental performance, sleep disrup-
tion, and poorer school and social inte-
gration. Patients treated with intensive 
chemotherapy, especially with alkylating 
agents, present with more stress, anxiety, 
depression and somatization, especially 
with alkylating treatments. Risk beha-
viors associated with psychological dys-
function, high smoking rate and alco-
hol consumption (in relation to worse 
socioeconomic status) have been des-
cribed. In adults, a high rate of suicidal 
ideation and suicide attempts has been 
described, with brain tumor survivors 
having the highest incidence (10.4%)
(7). No association has been found with 
age at diagnosis, time since diagnosis, 
type of treatment, recurrence or second 
tumors. Low educational level, low 
income, unemployment and emotional 
loneliness have been described as risk 
factors. In this regard, close monitoring 

of the social, psychological and emotio-
nal situation is relevant.

Sequelae on the senses

Sensory sequelae, especially vision and 
hearing, can limit the social or work capa-
city of survivors, so these must be carefully 
monitored.

The most frequent ocular abnorma-
lity is the detection of cataracts. It is 
related to the use of high and prolonged 
doses of steroids, radiotherapy at this 
level (ocular-orbit, cranial, total body, 
being dose dependent and, especially, if 
≥ 2 Gy directly on the lens), busulfan 
or intrathecal chemotherapy(16). Xero-
phthalmia and lacrimal duct atrophy can 
occur and, more rarely: orbital hypopla-
sia, enophthalmos, keratitis, telangiec-
tasia, retinopathy, maculopathy, optic 
chiasm neuropathy, papillary damage 
and glaucoma. The risk increases in case 
of radiotherapy ≥ 30 Gy on the eye-orbit, 
in case of treatment with 131-I for thyroid 
cancer, actinomycin-D or doxorubicin 
combined with radiotherapy, GVHD, 
frequent ocular exposure to sunlight 
and if there is comorbidity (diabetes 
mellitus, arterial hypertension). Other 
visual disturbances that may develop are: 
hypersensitivity to light, blurred vision, 
diplopia, nyctalopia (night blindness) 
and alterations in ocular refraction. The 
risk lasts for more than 20 years beyond 
the end of treatment(7).

Annual ophthalmological examina-
tion is recommended in all survivors, 
and in those with a history of treatment 
with corticosteroids or radiotherapy 
to the eyeball-orbit, orbital tumors, 
GVHD, treatment with radioactive 
iodine or abnormal diaphoresis. The use 
of approved glasses with UV protection 
is recommended(7).

When it comes to hearing, the most 
common long-term side effect is ototoxi-
city. Risk factors include having received 
high doses of cisplatin or carboplatin, 
radiation therapy over the head or ear 
(≥ 30 Gy) and having received therapies 
such as: aminoglycosides, furosemide, 
NSAIDs or iron chelators (deferasirox). 
The usual manifestation is sensorineu-
ral deafness, sometimes with tinnitus, 
and less frequently vertigo, transmis-
sion hearing loss and otosclerosis(7). 
Hearing evaluation is recommended 
at the end of treatment in patients at 
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risk and then annually for those aged 
< 6 years (auditory evoked potentials), 
every 2 years between 6-12 years of age 
(tonal audiometry of 1,000-8,000 Hz, 
being best high frequency > 8,000 Hz) 
and, subsequently, every 5 years in those 
aged > 12 years. In patients with a ven-
triculoperitoneal bypass valve, a hearing 
assessment is recommended at the end of 
treatment and then every 5 years, even 
in the absence of other risk factors(7). 
Avoiding loud noises is recommended.

Smell can be affected in the form of 
anosmia or chronic rhinitis/sinusitis, 
usually in patients who have received 
radiotherapy or surgical resection of a 
nasal tumor.

Oral and dental sequelae
Patients undergoing chemotherapy 

before 5 years of age, especially with 
high-dose cyclophosphamide, are of 
special risk. One of the main problems 
of the oral cavity is xerostomia, in gene-
ral, related to craniofacial radiotherapy, 
which can improve with frequent intake 
of liquids, sugar-free candies and artifi-
cial saliva tablets. Treatment predisposes 
to an increased risk of cavities, dental 
infections, and even speech or sleep 
disorders. Other dental problems are 
frequently described (enamel hypopla-
sia, tooth decay, tooth loss, microdon-
tia, hypodontia, malocclusion). Careful 
and regular dental hygiene is essential, 
as well as an assessment by stomatology 
or dentistry in case of presenting pro-
blems. Occasionally, abnormalities in 
craniofacial development and trismus 
develop secondary to alterations in the 
temporomandibular joint(9).

Radiation therapy also increases the 
risk of developing second neoplasms. 
Occasionally, the oral cavity may be the 
site of GVHD involvement in hemato-
poietic stem cell transplant recipients. 
An adequate follow-up is important to 
detect these abnormalities early enough.

Endocrine sequelae
Half of childhood cancer survivors 

will present at least one late endocrino-
logical disorder in their lifetime, with 
central nervous system tumors being the 
most frequently related(7). In the case of 
craniopharyngioma, abnormality of at 
least one hormonal axis takes place in 
75% of patients. Risk factors are: direct 
damage from tumor growth itself, that 
derived from resection or biopsy surge-

ries, and radiotherapy ≥ 30 Gy. Cranial 
radiotherapy produces more disturbances 
in this axis the younger the age of the 
patient. The most common sequela is 
short stature due to GH deficiency, 
particularly with radiation therapy 
doses > 18 Gy. In adult life, the defi-
ciency of this hormone is associated with 
metabolic problems such as: increased 
body fat, altered serum lipid profile, 
and decreased exercise capacity, bone 
mineral density and insulin sensitivity. 
Short stature may, however, be due to 
other causes (hypothyroidism, preco-
cious puberty, growth impairment due 
to spinal or long bone radiation, and 
prolonged corticosteroid therapy)(7). 
Occasionally, a “catch up” growth occurs 
reaching the target height with adequate 
replacement treatment, but it does not 
always happen(16).

On other occasions, endocrine late 
effects manifest as central adrenal 
insuff iciency due to ACTH def i-
ciency (very rare, due to direct tumor 
or surgical damage or radiotherapy dose 
≥ 30-50 Gy), central hypothyroidism 
due to TSH deficiency (cranial RT ≥ 
30 Gy), hypogonadotropic hypogona-
dism due to LHRH, LH or FSH defi-
ciency (second axis affected in order 
of frequency), prolactin deficiency or 
central diabetes insipidus due to ADH 
deficiency (infundibulum involvement 
by craniopharyngioma, germ cell tumor 
or optic glioma). The term panhypopi-
tuitarism is coined when deficiency of ≥ 
3 hormones is present.

Precocious puberty, consisting of 
early pubertal development, rapid bone 
maturation, and f inal height shorter 
than target, can occur. It is related to 
radiotherapy dose > 18 Gy, younger age 
at exposition, and female sex. An annual 
physical examination is recommended, 
with anthropometric data and pubertal 
development monitoring, as well as bone 
age in case of suspicion. Hyperprolac-
tinemia is observed in some patients, 
generally related to high-dose irradiation 
to the pituitary gland or development of 
second pituitary tumors (adenomas) after 
treatment. In case of suspicion, serum 
prolactin will be determined and pitui-
tary MRI performed, as well as referral 
to Endocrinology(7).

At the thyroid level, hypothyroi-
dism is usually associated with cer-
vical, mediastinal, or spinal radiation 
therapy. It usually occurs in the f irst 

5 years post-treatment, if exposed to 
doses > 30 Gy (especially ≥ 45 Gy). 
Other risk factors are: treatment with 
therapeutic metaiodobenzylguanidine 
(MIBG) (despite prophylaxis with 
oral iodine), anti-GD2 (neuroblas-
toma), tyrosine kinase inhibitors and 
secondary to thyroidectomy or ablative 
treatment with radioactive 131I. Rarely, 
hyperthyroidism, autoimmune thyroi-
ditis, and thyroid nodules (benign and 
malignant) may be seen. Hypopa-
rathyroidism secondary to thyroid 
resection surgery may occur, which 
requires follow-up and treatment(7).

At the gonadal level, toxicity derived 
from the use of high-dose alkylating 
agents (busulfan, melphalan, carmus-
tine, lomustine, cyclophosphamide, 
ifosfamide, thiotepa, procarbazine, 
dacarbazine, platinum derivatives) can be 
observed, especially in combination with 
radiotherapy on the gonads. Girls are at 
higher risk if they receive the treatments 
during or after puberty. Ovarian failure 
occurs in up to 50% of patients who 
receive radiation therapy to the gonads 
(≥ 15 Gy), particularly in association 
with alkylating agents. Infertility has 
been described from doses ≥ 5 Gy on 
the ovaries. Likewise, surgery can pro-
duce an iatrogenic menopause (bilate-
ral oophorectomy) or an advance of it 
(unilateral oophorectomy). In this case, 
hypergonadotropic hypogonadism 
would occur, which consequently can 
lead to an increased risk of premature 
osteoporosis and cardiovascular pro-
blems. Abdominal radiation therapy that 
involves the uterus increases the risk of 
intrauterine growth delay and preterm 
delivery. Annual clinical review of sexual 
maturation development, menstruation 
characteristics, hormonal determination 
(FSH, LH, estrogens) is recommended 
and, in case of suspected ovarian failure, 
a bone density scan (DEXA scan) and 
referral to Endocrinology should be per-
formed(7,11).

In any case, patients whose treatment 
has placed them at risk for ovarian fai-
lure, may have premature menopause 
with a shortened fertility span, so it is 
the role of the Primary Care physician 
to warn of this risk and advise, if the 
woman is capable and willing to have 
offspring, to conceive no later than the 
first years of the fourth decade of life.

In men, germ cells (Sertoli) are sensi-
tive to both chemotherapy and radiothe-
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rapy (at doses as low as 2-3 Gy), leading 
to azoospermia that can be irreversible 
in the case of radiotherapy or mostly 
temporary in the case of chemotherapy. 
Leydig cells are less radiosensitive, but 
can suffer toxicity from 24 Gy(16). In 
cases of male hypogonadism due to 
Leydig cell failure, referral should be 
made to Endocrinology so as to assess 
testosterone supplementation in order to 
avoid the symptoms that its lack gene-
rates(9).

In order to anticipate these problems, 
fertility preservation techniques may be 
performed in girls (ovarian cortex in pre-
pubertal/postpubertal girls and oocyte 
vitrif ication in postpubertal women) 
and in boys (cryopreservation of semen 
in postpubertal men and in a few cen-
ters, cryopreservation of tissue testicu-
lar in prepubertal). The development 
of consensus guidelines is essential in 
our setting, since the preservation rate 
is still low, but efforts are being made 

to improve this situation(18). Likewise, 
there are surgical techniques for trans-
position of the testes or ovaries prior to 
the administration of scrotal, pelvic or 
inguinal radiotherapy that would avoid 
direct irradiation, which is the main 
risk factor for hypogonadism in these 
patients.

Regarding follow-up, height (percen-
tile), weight, BMI and pubertal stage 
should be checked every 6 months until 
completion of sexual development and 

Table VI.  Late gastrointestinal side effects in pediatric cancer survivors. Diagnosis and follow-up

Late complication Risk factors Manifestations Screening and complementary tests

Esophageal stenosis - Cervical, thoracic, or spinal 
RT with > 30 Gy

- Hematopoietic stem cell 
transplantation with chronic 
graft versus host disease 
(GVHD)

- Severe mucositis with 
associated fungal infection

- Dysphagia
- Pyrosis
- Food regurgitation 
- Vomiting
- Retrosternal pain 
- Involuntary weight loss

- Upper gastrointestinal series  
(barium swallow)

- Upper digestive endoscopy 

Intestinal stenosis - Abdominal RT > 30 Gy
- Abdominal surgery
- Neutropenic enterocolitis 
- Toxic megacolon

- Abdominal distension
- Vomiting
- Intestinal obstruction

- Clinical diagnosis
- Gastrointestinal transit
- Abdominal CT with oral contrast

Fecal incontinence - Pelvic RT or brachytherapy
- Pelvic surgery

- Encopresis
- Constipation
- Abdominal distension

- Clinical diagnosis
- Abdominal-pelvic ultrasound
- Abdominal-pelvic CT
- Manometry

Colorectal cancer - Abdominal, pelvic, spinal RT 
and total body irradiation

- Family history of polyposis or 
colon cancer

- Rectal bleeding
- Hidden blood in stools
- Weight loss
- Abnormal bowel habits

- Colonoscopy every 5 years, starting 
at age 35 or 10 years after the end 
of treatment. It can be brought 
forward in case of family history

Liver cirrhosis /  
Liver fibrosis

- Liver exposure to RT (≥ 45 Gy 
in one third of its volume or 
≥ 35 Gy throughout)

- Thioguanine, methotrexate, 
busulfan, and D-actinomycin

- Hepatitis B and C
- Chronic hepatic GVHD
- Hemosiderosis

- Jaundice
- Hepatomegaly
- Splenomegaly
- Thrombocytopenia

- Determination of transaminases, 
bilirubin and basic clotting

- Hepatitis virus serology
- Conventional ultrasound, Doppler 

and liver elastography
- Liver MRI
- Liver biopsy

Hepatic iron 
overload

- Hematopoietic transplant
- Intensive transfusion therapy

- Jaundice
- Hepatomegaly
- Splenomegaly
- Thrombocytopenia

- Iron metabolism
- Liver MRI
- Liver biopsy

Gallstones - Liver exposure to RT 
- Chronic GVHD
- Obesity
- Parenteral nutrition
- Surgery

- Chronic abdominal pain
- Right upper quadrant 

syndrome
- Acute lithiasic pancreatitis 
- Dyspepsia

- Clinical diagnosis and physical 
examination

- Abdominal ultrasound

Hepatitis B and C - Transfusion therapy (generally 
in patients treated before the 
1990s)

- Abnormal liver function 
tests

- Hepatomegaly

- Serologies and PCR for HBV 
and HCV

- Liver function tests
- Liver ultrasound
- Liver biopsy
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final height. Menstrual onset (prepuber-
tal) or re-onset (pubertal), menopausal 
symptoms (hot f lashes, dyspareunia) 
should be inquired, considering the risk 
of premature menopause. Referral to 
Endocrinology should be made if there 
is failure to thrive, delayed pubertal 
development, or risk of hypogonadism. 
It is important to advise on fertility, pre-
mature menopause, reproductive advice 
and individualized risks.

Finally, in the long term, some of the 
most relevant endocrine and metabolic 
sequelae are type 2 diabetes mellitus 
and metabolic syndrome (obesity, 
arterial hypertension, glucose intole-
rance - increased insulin resistance and 
dyslipidemia), which count as main risk 
factors along with abdominal radiothe-
rapy, total body irradiation, prolonged 
corticosteroid treatment, inadequate 
eating habits with excessive caloric 
intake, sedentary lifestyle and a family 
history of type 2 diabetes mellitus. 
Consequently, there is an increase in 
cardiovascular risk with an increase in 
morbidity and mortality. Implementa-
tion of early dietary measures, increa-
sed physical activity, blood pressure and 
dyslipidemia control are recommended. 
A tight control of body mass index, 
blood pressure, lipid prof ile, blood 
glucose and Hb A1C will be carried 
out in clinic(19).

Gastrointestinal sequelae

Gastrointestinal complications can be mul-
tiple and heterogeneous depending on the 
therapy received, the location of the pri-
mary tumor and whether there is a history 
of surgery with organic lesion.

The most relevant gastrointestinal 
complications are shown in Table VI. 
Tumor resection surgery and radiothe-
rapy can have visceral obstructive seque-
lae. In the latter case, it can cause fibrosis 
and ischemia due to vascular injury. It 
can appear as a chronic manifestation 
in case of intestinal GVHD. Likewise, 
the specific sequelae derived from sur-
geries with wide resections should be 
considered (gastrectomy, pancreatico-
duodenectomy, cholecystectomy, sple-
nectomy, intestinal resection with dis-
charge ostomy...). Guiding symptoms 
such as: dysphagia, heartburn, dyspepsia, 
ref lux, nausea, vomiting, chronic diarr-
hea, constipation, or progressive weight 

loss should be monitored. In the cases 
with a short intestine, hypovitaminosis 
and lack of absorption of other nutrients 
ought to be monitored(7).

Chronic hepatotoxicity can appear 
after a long latency period, being secon-
dary to some chemotherapeutic agents, 
radiotherapy, obesity, viral hepatitis or 
iron overload secondary to transfusions. 
The consumption of hepatotoxic agents, 
such as alcohol and other drugs of abuse, 
should be avoided.

Nephrourinary sequelae

Delayed kidney damage in the form of chro-
nic kidney failure is one of the most serious 
complications in survivors.

The main risk factors for kidney 
damage at the glomerular and proxi-
mal tubular level are abdominal radia-
tion and treatment with high doses of 
ifosfamide (> 16 g/m2), cisplatin (> 450 
mg/m2) and, to a lesser extent, car-
boplatin. Other factors are the use of 
nephrotoxic drugs (aminoglycosides, 
amphotericin B, foscarnet, tacrolimus, 
and cyclosporine A). It should also be 
considered that some patients may have 
a single kidney, due to nephrectomy of 
their primary tumor (nephroblastoma) or 
due to metastatic renal involvement(20). 
Consequently, chronic renal failure, 
proximal tubulopathy, or Fanconi syn-
drome may develop(7). Some survivors 
of Wilms’ tumors are at particular risk, 
as in addition to having a single kidney, 
they may have an underlying syndrome 
(Denys-Drash) and will have received 
chemotherapy and radiotherapy. High 
blood pressure is common (30%) during 
follow-up. In hematopoietic stem cell 
transplant recipients, nephrotoxicity 
derived from immunosuppressants, as 
well as nephritis secondary to BK virus, 
may occur.

Bladder damage is usually associa-
ted with the use of cyclophosphamide 
or ifosfamide, as well as viral infections 
(BK virus, adenovirus, cytomegalovirus)
(9). There may be lesions of the lower uri-
nary tract, secondary to surgery of solid 
tumors and radiotherapy/brachythe-
rapy. Secondarily, bladder incontinence 
(neurogenic bladder), bladder fibrosis, 
bladder cancer, sexual dysfunction, chro-
nic pelvic pain, bladder f loor disorders, 
fistulas and female vaginal dryness, can 
also occur(16).

Annual BP control is recommended, 
with urea, creatinine and electrolytes 
to assess renal function, venous blood 
gas, and urine electrolytes. If the post-
treatment study is normal, it should be 
repeated after 5 years. In case of HT, 
proteinuria or signs of tubulopathy, refer 
to Nephrology(7).

Musculoskeletal sequelae

Healthy lifestyle habits are important, 
including regular physical exercise and 
sufficient amounts of vitamin D and cal-
cium in the diet, as well as the early detec-
tion of musculoskeletal problems.

Cranio-spinal radiation, prolonged 
use of corticosteroids or methotrexate, 
nutritional alterations and a sedentary 
lifestyle lead to high risk of this type of 
sequelae. Soft tissue fibrosis and hypo-
trophy can occur, as well as a decrease 
in bone mass with osteopenia/osteo-
porosis derived from the treatments, 
prolonged bedridden and radiotherapy 
on musculoskeletal groups. Other long-
term complications are: osteonecrosis 
(avascular necrosis), exostoses, patho-
logical fractures, bone undergrowth or 
asymmetric growth, dysmetria and, on 
some occasions, the sequelae derived 
from amputations and prosthetic mal-
functions(7). With regards to bone mine-
ral density, there is a remarkable margin 
of recovery throughout adolescence pro-
vided a healthy lifestyle, regular physi-
cal activity (especially, weight-bearing 
exercises), controlled sun exposure and 
optimization of the calcium intake in the 
diet. Sometimes vitamin D supplements 
are required. Avoidance of alcohol, 
tobacco, excessive caffeine, and obesity 
are recommended(9).

Gynecological sequelae

Breast self-examination and screening 
based on the individual risk are essential 
to anticipate breast tumors in adulthood.

In the case of adolescent women, it 
is important to make the patient aware 
of the importance of breast self-exami-
nation (monthly), as well as a regular 
gynecological examination. The risk of 
secondary breast cancer is higher if the 
patient received chest wall or mediastinal 
radiation therapy, family predisposition 
to breast cancer (BRCA1/2 mutations) 
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or history of Li-Fraumeni syndrome 
(TP53). In these high-risk cases, annual 
gynecological follow-up is recommen-
ded from puberty to age 25, then every 
6 months. Annual mammograms should 
be performed from the age of 25 (other 
groups recommend it from the age of 
30)(10) or from 8 years after treatment 
(whichever occurs last). Breast MRI is 
recommended concomitantly with the 
same timelines as mammograms. In 
case of mammary hypoplasia, an annual 
follow-up should take place, referring 
the patient to Plastic Surgery if breast 
reconstruction is required, once the 
pubertal development is completed(7).

Vaccination in the 
oncohematological patient

Revaccination of the oncohematologi-
cal patient is of vital importance in the 
months and years following treatment, in 
a scheduled manner according to national 
guidelines and recommendations.

In general, routine vaccinations are 
suspended during treatment, which 
added to the fact that some patients 
have an incomplete vaccination sche-
dule due to their young age at diagno-
sis, the loss of vaccine immunity acqui-
red by the treatments received and the 
immunodeficiency maintained by some 
therapies (rituximab, hematopoietic 
stem cell transplantation, immunosup-
pressants), makes them a particularly 
high infectious risk population at the 
end of treatment. Given the length of 
this review, the reader is referred to the 
periodic updates of the Vaccine Advisory 
Committee of the AEP (https://vacuna-
saep.org/documentos/manual/cap-14 y 
-16, updated as of August 2021).

Risk of premature mortality

There is an increased risk of premature 
death in survivors, thus, health promotion 
(Fig. 1) and early diagnosis of complica-
tions, as well as second tumors, are of vital 
importance.

The premature mortality rate of sur-
vivors is increased compared to the gene-
ral population, being higher in the first 
years of follow-up (cumulative mortality: 
6.5% at 10 years, 11.9% at 20 years, and 
18.1% at 30 years of diagnosis). The risk 
is higher in women, brain tumors and 

Ewing’s sarcoma(7). The main cause is 
the recurrence of the original disease 
(67%), which decreases in importance 
with the passage of time. As the years 
go by, the toxicity associated with the 
treatment takes on a more important role 
in the reduction of life expectancy (late 
mortality). A 7 times higher risk of dying 
from cardiovascular events has been 
described (especially in women, kidney 
tumors and Hodgkin lymphoma), almost 
9 times the risk of dying from lung or 
respiratory problems (especially patients 
with AML or neuroblastoma) and more 
than 2 times from other medical reasons. 
After 20-30 years of treatment, morta-
lity secondary to second neoplasms is 
the main cause of death (15 times higher 
than in the healthy population). The-
refore, follow-up strictly restricted to 5 
years post-treatment is insufficient in 
patients who have overcome a tumor in 
the pediatric age(7-9).

Risk of second neoplasms
Up to 5-20 times higher risk of 

suffering second tumors histologically 
different from the initial ones compa-
red to the general population has been 
described. In general, they are observed 
at least 2 years after the primary tumor, 
and within the first 10 years of follow-
up, although they can have a latency of 
up to 30 years(21). The cumulative inci-
dence after 20 years is 3-10%, and after 
30 years 5-30%, depending on the series. 
The primary tumors with the highest 
incidence of second neoplasms are Hod-
gkin lymphoma and soft tissue sarcomas. 
The most common secondary tumors are 
breast, thyroid, AML, and sarcomas(7). 
The main risk factors are(6,7,16):
•	 Chemotherapy. Alkylating agents 

are associated with myelodysplas-
tic syndromes, which may or may 
not precede secondary acute mye-
loblastic leukemias. Their latency 
is usually 5-7 years and they are 
accompanied by cytogenetic abnor-
malities (monosomies and partial 
deletions of chromosomes 5 and 7). 
Epipodophyllotoxins (etoposide) are 
also associated with AML, but this 
usually develops earlier (2-3 years 
after completion of treatment). There 
is a greater risk with doses ≥ 2,000 
mg/m2 and associated abnormalities 
of the MLL gene (which induces 
11q23 translocations). Anthracycli-
nes can also cause this type of leuke-

mia, 2-3 years after treatment. The 
prognosis is unfavorable. Annual full 
blood count is recommended during 
long-term follow-up, at least up to 10 
years after exposure to chemotherapy. 
The latency for the development of 
solid tumors is somewhat longer, on 
average 14 years. Etoposide increa-
ses the risk of secondary Hodgkin 
lymphoma, neuroblastoma, nephro-
blastoma, and rhabdomyosarcoma, 
among others.

•	 Radiotherapy. It is a relevant risk 
factor, especially when high doses 
are received at an early age. It is fre-
quently used in CNS tumors, solid 
tumors and, historically, in Hodg-
kin lymphoma and the conditioning 
with total body irradiation of some 
transplants. The risk increases as time 
passes, with a maximum 10-15 years 
after treatment (although it rema-
ins until 30 years later). The types 
mainly observed are: breast tumors, 
meningiomas (cranial), bone and soft 
tissue tumors, thyroid cancer, non-
melanoma skin cancer and bladder 
cancer.

•	 Hematopoietic stem cell trans-
plantation. It can increase the risk 
of second neoplasms by up to 8 times 
compared to the general population 
(up to 60 times in recipients below the 
age of 10 years). Its origin is multi-
factorial (chemotherapy, conditioning 
radiotherapy and GVHD). Immuno-
suppressants are associated with the 
development of post-transplant lym-
phoproliferative syndrome.

•	 Cancer predisposition syndromes 
(Li-Fraumeni, DICER1, NF1-2, 
telomeropathies...). In recent years, 
hand in hand with advances in gene-
tics, more are becoming diagnosed. 
This has allowed the identification of 
alterations in the germ line or mosai-
cisms that predispose to one or more 
tumors, increasing their importance 
in pediatric Hematology-Oncology. 
Given the length of the article, we 
refer the reader to review the biblio-
graphy in case of interest(22).

Sufficient information and adequate 
education about the personalized risks of 
each patient, promoting self-observation 
and reducing, as far as possible, risk fac-
tors (tobacco, alcohol, sun exposure) is 
important. Symptoms or signs that may 
be related to the primary tumor and that 

https://vacunasaep.org/documentos/manual/cap-14
https://vacunasaep.org/documentos/manual/cap-14
https://vacunasaep.org/documentos/manual/cap-14
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suggest a relapse should also be moni-
tored. In this sense, to make an early 
diagnosis it is essential to have a high 
index of suspicion, to recognize the risk 
groups and the “red f lags” (warning 
signs) in each patient(23,24).

The role of the Primary Care 
pediatrician

As previously discussed in this 
review, there is not a sole model for 
pediatric cancer survivor follow-up, 
and it is essential to adapt it to the indi-
vidual characteristics and risks of each 
case, as well as to the real conditions of 
our healthcare system. In this sense, we 
have a Pediatric Primary Care network 
excellently prepared for the promotion 
of health (Fig. 1) and accompaniment 
of the patient during their growth. At 
the hospital level, progress is being made 
in the development of specialized units 
to follow-up this type of patients and in 
their transition to adult care, so we have 
a mixed care and follow-up model in the 
routine practice.

Primary Care professionals are a 
fundamental pillar of multidisciplinary 
teams, acting as a first line for the diag-
nosis of sequelae, relapses and second 
tumors, as well as promoting healthy 
lifestyle habits. An adequate transmis-
sion of the personal history, personali-
zed risks and follow-up plan by hospital 
health care providers is necessary, as well 
as a f luid communication between both 
areas, which will result in a health bene-
fit to our patients. Similarly, the patient 
and his family should be integrated in 
the responsibility of long-term care, 
avoidance of risk behaviors and percep-
tion of alarm signs or symptoms, which 
will prevent loss of adherence to follow-
up or low perception of its importance 
in the long term.
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every 5 years.
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Network (SIGN), Scotland, Healthcare 
Improvement Scotland. Long Term Follow 
Up of Survivors of Childhood Cancer, A 
National Clinical Guideline. [Internet]. 
Available in: https://www.sign.ac.uk/
media/1070/sign132.pdf.

High quality consensus guidelines, from the year 
2013, organized by body organs and systems.

- Sk inner R , Wal lace W, Lev it t GA. 
Therapy based long term follow up: practice 
statement: United Kingdom Children’s 
Cancer Study Group (Late Effects Group) 
(Internet). Available at: https://www.cclg.
org.uk/write/MediaUploads/Member%20

area/Treatment%20guidelines/LTFU-full.
pdf.

These consensus guidel ines focus on both 
the long-term side effects in the various body 
organs and those specific to the chemotherapy 
or radiotherapy treatment received, providing an 
interesting point of view.

- Grupo de trabajo sobre efectos secundarios a 
largo plazo y segundos tumores de la Sociedad 
Española de Hematología y Oncología 
Pediátricas. “Efectos tardíos en supervivientes 
al cáncer en la infancia”. Cevagraf. 2012. 
(Working group on long-term side effects 
and second tumors of the Spanish Society 
of Pediatric Hematology and Oncology. 
“Late effects in survivors of childhood 
cancer”. Cevagraf. 2012.)

Interesting publication by the SEHOP Working 
Group on Side Effects, in the form of a textbook. 
Excellent description of each topic that surpasses 
in exposure and understanding that obtained, 
sometimes, in more schematic guides.

- Armenian SH, Hudson MM, Mulder RL, 
Chen MH, Constine LS, Dwyer M, et al. 
Recommendations for cardiomyopathy 

surveillance for survivors of childhood 
cancer: a report from the International Late 
Effects of Childhood Cancer Guideline 
Harmonizat ion Group. The Lancet 
Oncology. 2015; 16: e123-36.

Ver y good a r t ic le  t hat  su mma r i z e s  t he 
recommendations for cardiac monitoring and 
surveillance in patients at risk, with special 
emphasis on risk groups and long-term problems. 
It is the result of the cooperative work between the 
Children’s Oncology Group and several European 
groups, which make up the Internat iona l 
Late Effects of Childhood Cancer Guideline 
Harmonization Group (IGHG).

- Ripperger T, Bielack SS, Borkhardt A, 
Brecht IB, Burkhardt B, Calaminus G, 
et al. Childhood cancer predisposition 
syndromes-A concise review and recom-
mendations by the Cancer Predisposition 
Working Group of the Society for Pediatric 
Oncology and Hematology. Am J Med Ge-
net. 2017; 173: 1017-37.

Review of the most relevant cancer predisposition 
syndromes, with special interest in the risks of 
pediatric tumor development and specific follow-
up recommendations.

3-year-old boy attended the emergency room due to progres-
sive onset of severe respiratory difficulty. Physical examination 
revealed marked hypoventilation of the left hemithorax, with 
increased work of breathing at all levels and decreased oxygen 
saturation (92%). In the initial chest X-ray, a large hemithorax 
mass with massive ipsilateral pleural effusion was observed. 
A chest CT was performed confirming a large mass in the left 
hemithorax, with doubtful pleural dependence, as well as a 
severe pleural effusion. After stabilization of the patient and 
drainage of the pleural effusion, the diagnostic studies were 
completed in the following days. Thoracic ultrasound-guided 
percutaneous biopsy of the mass concluded the histological 
diagnosis of a primitive neuroectodermal tumor of the chest 
wall. No pulmonary metastases were identified.

The patient received treatment according to the protocol in 
force at that time (Ewing SEOP-2001, treatment group 3). She 
received induction chemotherapy with 6 VIDE cycles (vincristine, 
ifosfamide, doxorubicin and etoposide), after which a resection 
of the tumor followed with reconstruction of the thoracic wall. 
The response to chemotherapy showed a poor response (80% 

necrosis), with free surgical margins. A VAC consolidation cycle 
(vincristine, D-actinomycin, and cyclophosphamide) was adminis-
tered and, subsequently, an autologous hematopoietic stem cell 
transplant conditioned with melphalan and etoposide performed. 
The cumulative dose of cytostatics is as follows: vincristine: 
10.5 mg/m2; ifosfamide: 54 g/m2; doxorubicin: 360 mg/m2; 
etoposide: 4.5 g/m2; cyclophosphamide: 1.5 g/m2; actinomycin-
D: 1.5 mg/m2; and melphalan: 140 mg/m2. Finally, 8 weeks 
after transplantation, radiotherapy with tomotherapy modality 
was performed with 48 Gy on the primary tumor and 15 Gy on 
the ipsilateral lung.

She attends her follow-up consultations in a timely manner 
according to the prevailing recommendations in her treatment 
protocol, with no relapse being observed after 10 years of follow-
up. However, at 9 years of age, a lesser growth of the left rib cage 
is observed, conditioning a significant scoliosis, which requires 
intervention. Likewise, at 8 years of follow-up, data of mild dila-
ted cardiomyopathy were observed, verified by echocardiography 
and by magnetic resonance imaging, with mild systolic ventricular 
dysfunction, for which treatment with enalapril was started.
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Follow-up of childhood 
cancer in Primary Care. 
How to detect late sequelae
41. Regarding pediatric cancer survivor 

follow-up models, please point out 
the WRONG answer:
a. There is not a unique model 

for monitoring long-term side 
effects, nor has superiority of one 
over others been demonstrated in 
controlled studies.

b. Information transfer between 
Hospita l and Primary Care 
professionals is essential, espe-
cially: medical history, dates of 
diagnosis and end of treatment, 
initial and follow-up diagnostic 
tests, treatments received and 
their doses, complications related 
to them or to the disease itself, 
relapses and plan of follow-up.

c. Regarding the mixed care model, 
some studies have observed 
a lower percentage of active 
fol low-up survivors than in 
models exclusively hospital/spe-
cialized care focused.

d. The hospital survivor model 
may not be the best for patients 
without active late effects, that 
have a yearly follow-up or in set-
tings where access to the hospital 
environment is difficult.

e. The ideal follow-up model will 
be the one that adapts to the 
individual needs of each patient, 
risks, comorbidity, socioecono-
mic situation and the structural 
characteristics of the local and 
national health system.

42. Select the CORRECT answer:
a. The increased survival of chil-

dhood cancer in recent decades 
has been associated with an 

increase in late side effects, with 
higher long-term morbidity and 
mortality, which is limited to the 
first 20 years of follow-up. The-
reafter, it is equal to the general 
population.

b. The age at which the treatments 
are received is a determining 
factor; the older the more toxic 
effects on linear growth, skeletal 
maturation, intellectual functio-
nality, sexual development and 
organ functionality.

c. It is a general trend of current 
protocols, which have achieved 
high cure rates, to reduce the use 
of radiotherapy and the intensity 
of drug treatment, regardless of 
risk groups.

d. The follow-up and recommen-
dations must be individualized, 
according to: the personal cha-
racteristics of each survivor, type 
of tumor, treatment received, 
existence of dysmorphic syndro-
mes or predisposition to cancer, 
age and comorbidities, as well as 
lifestyle.

e. In recent years, several survi-
vor follow-up guides have been 
published (Children’s Oncology 
Group [COG], United Kingdom 
Children’s Cancer Study Group 
[UKCCSG], Scottish Inter-
collegiate Guidelines Network 
[SIGN], Late Effects Taskforce 
of the Dutch Childhood Onco-
logy Group [DCOG LATER]), 
which are characterized by pro-
viding homogeneous methodo-
logies and recommendations.

43. Regarding the long-term cardiotoxi-
city, mark the CORRECT answer:
a. Anthracycline treatment at doses 

below 150 mg/m2 is safe in the 
long term, and no cases of late 

cardiac toxicity have been des-
cribed.

b. High-risk patients for long-term 
cardiotoxicity are those who have 
received: ≥ 250 mg/m2 of anthra-
cyclines, > 35 Gy of chest radiation, 
or ≥ 100 mg/m2 of anthracyclines 
+ ≥ 15 Gy of irradiation. Female 
sex and an early age at treatment 
can be added risk factors.

c. There is no risk of long-term car-
diotoxicity outside of conventional 
chemotherapy, with no subacute 
or chronic toxicity demonstrated 
in patients treated with therapies 
directed towards molecular tar-
gets or immunotherapy.

d. Dexrazoxane has been shown, 
in various studies, to improve 
the cardiotoxicity observed with 
anthracyclines, although it is not 
routinely applied in our setting. 
The Children’s Oncology Group 
recommends its use in those pro-
tocols that involve doses ≥ 150 
mg/m2 of anthracyclines or car-
diothoracic radiotherapy.

e. b and d are true.

44. Select the INCORRECT answer 
from the following:
a. Chronic sequelae in the peri-

pheral nervous system can be 
observed in patients treated with 
doses of cisplatin > 300 mg/m2 
and with vinca alkaloids (e.g., 
vincristine). Vincristine rarely 
causes chronic neuropathy, but it 
can be multiple (sensory-motor, 
dysautonomia...).

b. The following are risk factors 
long-term ototoxicity: having 
received high doses of cisplatin 
or carboplatin, cranial radiation 
therapy or radiotherapy ≥ 30 Gy 
that covers the ear, and having 
been treated with ototoxic the-
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rapies, such as aminoglycosides, 
furosemide, NSAIDs or iron 
chelators (deferasirox). The most 
frequent manifestation in trans-
mission hearing loss.

c. The presence of cataracts is 
related to the use of high and 
prolonged doses of corticoste-
roids, plus administration of 
radiotherapy on that site (dose 
dependent, especially if ≥ 2 Gy 
directly on the lens) and having 
received busulfan or intrathecal 
chemotherapy.

d. Risk factors for developing 
primary hypothyroidism are: 
having received radiotherapy 
on the region (cervical, medias-
tinal or spinal, especially with 
doses > 30 Gy, especially ≥ 45 
Gy), treatment with therapeu-
tic metaiodobenzylguanidine 
(MIBG), anti-GD2 (neuroblas-
toma), tyrosine kinase inhibitors 
(ITKs) and surgical thyroidec-
tomy or ablative treatment with 
radioactive 131I.

e. High-risk patients for the develo-
pment of secondary breast cancer 
are: women who have received 
chest wall or mediastinal radia-
tion therapy, familial predispo-
sition (BRCA1/2 mutations) or a 
personal history of Li-Fraumeni 
syndrome (TP53).

45. Check the CORRECT answer re-
garding survivors of neoplasms in 
the pediatric age:
a. They have an increased mortality 

compared to the general popu-
lation, the main reason being 
death due to recurrence of the 
primary tumor in the 10 years 
following treatment.

b. Beyond 20 -30 yea r s  a f te r 
treatment, second neoplasms 
are the main cause of mortality 
(15 times higher than in the 
healthy population). An increase 
of 5-20 times than the general 
population has been described 
of suffering from second tumors 
(histologically different from the 
original ones).

c. The neoplasm most frequently 
associated with the use of che-
motherapy is secondary myeloid 
leukemia, which has a poor prog-

nosis. Alkylating agents have a 
mean latency of 5-7 years, being 
shorter for etoposide and anthra-
cyclines (2-3 years).

d. The latency for the development 
of solid tumors is somewhat 
higher, an average of 14 years. 
Etoposide increases the risk of 
secondary Hodgkin lymphoma, 
neuroblastoma, nephroblastoma, 
and rhabdomyosarcoma, among 
others.

e. All the answers are correct.

Clinical case

46. In the follow-up consultation of this 
patient, special ATTENTION, 
given the history presented and the 
treatments received, SHOULD BE 
PAID to the following points:
a. Symptoms or signs related to 

the primary tumor and that may 
suggest a recurrence should be 
looked for. In this case, in order 
to make an early diagnosis it is 
essential to have a high index of 
suspicion.

b. Chronic cough can be explained 
by allergic processes or asthma, 
so it does not require a special 
study in this patient.

c. This patient requires periodic 
monitoring of cardiovascular 
guide symptoms (dyspnea, chest 
pain, palpitations, exercise into-
lerance), cardiopulmonary aus-
cultation and carotid murmurs. 
In case of being asymptomatic, 
she would not require speciali-
zed follow-up by Cardiology or 
imaging tests.

d. Echocardiography is the most 
common imaging test for car-
diology diagnosis and follow-
up. However, in centers where 
magnetic resonance imaging 
is available, it can be used as a 
screening technique, given its 
high sensitivity for the diagnosis 
of heart disease.

e. All the previous answers are 
false.

47. The patient presented in the clini-
cal case presents the following risk 
factors to develop long-term toxicity 
and second neoplasms, EXCEPT 
ONE of those listed below:

a. High risk of gonadotoxicity 
due to cumulative dose of acti-
nomycin D > 1 mg/m2.

b. Risk of cardiotoxicity due to 
accumulated dose of anthracycli-
nes > 250 mg/m2 and, in addi-
tion, because the combined dose 
of anthracyclines is > 100 mg/m2 
plus the chest radiotherapy dose 
is > 15 Gy.

c. Risk of secondary myeloid leu-
kemia due to etoposide dose > 
2,000 mg/m2.

d. Risk of musculoskeletal sequelae 
from chest wall tumor resection 
surgery and thoracic radiothe-
rapy.

e. Risk of chronic kidney disease 
for ifosfamide dose > 16 g/m3.

48. In the long-term follow-up of our 
patient, point out the INCO-
RRECT answer:
a. Smoking and other drugs of 

abuse should be discouraged.
b. Per iodic cardiolog y check-

ups must have started within 
two years of complet ion of 
treatment, then 5 years after 
diagnosis and, subsequently, 
at least every 5 years, even if 
she is asymptomatic. Given the 
diagnosis of mild dilated car-
diomyopathy with mild systolic 
ventricular dysfunction, follow-
up should be closer, according 
to the needs and indications of 
Cardiology.

c. 5 days a week high intensity 
aerobic exercise should be recom-
mended, interspersed with at 
least two days a week of high 
intensity weight-bearing anae-
robic exercise.

d. After completion of treatment, 
the vaccination guidelines for 
cancer patients recommended 
by the Spanish Association of 
Pediatrics - Vaccine Advisory 
Committee -, as well as by refe-
rence entities throughout adult 
life, should be followed.

e. A varied and ba lanced diet 
should be advised, avoiding 
excessive calories, with regular 
consumption of fruits and vege-
tables, as well as sufficient supply 
of fiber, calcium and vitamin D.


