
In the last four decades there has been
enormous progress in the treatment for
childhood cancer; the present 5-year
survival rate is estimated to be 80%.
The increased population of cancer sur-
vivors gives us the possibility to assess
life quality as well as the late effects of
anticancer treatment. In multicentre
studies, it has been shown that 60% of
survivors have at least one late effect,
and one third experience severe or life-
threatening sequelae. Survivors of child-
hood cancers are at risk of recurrence
of primary malignancy, development of
second cancer and chronic disease of
the respiratory and cardiovascular sys-
tem, which increase the mortality rate.
Other late complications, such as dis-
eases affecting kidneys, digestive sys-
tem or bones, and hormonal and meta-
bolic disturbances lead to deterioration
of life quality. This report presents treat-
ment-related factors that increase mor-
tality of cancer survivors by contribut-
ing to the development of second
cancers, cardiotoxicity or pulmonary
complications.
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The significant progress observed over the last 40 years in the diagnos-
tics and treatment for cancer in children has caused an improvement in 
5-year event-free survival (EFS) up to 80%. Before 1970, anticancer therapy
involved mainly radiotherapy and surgery. Later, chemotherapy began to play
a role. In subsequent years, the chemotherapy programmes were modified
and so were the radiotherapy and surgery programmes. Both single-centre
and multicentre studies on the health condition of long-term survivors of
childhood cancer have focused on the causes of premature deaths of patients
treated for cancer in childhood. Until 1970, the major cause of mortality was
recurrence of primary tumour (over 70%). Research conducted in recent years
has demonstrated the highest mortality rate among patients treated for CNS
cancer (11-15%), leukaemia (12-14%) and bone tumours (10-16%), and the
lowest for retinoblastoma (2-5%) and Wilms tumour (3-4%) [1].

Epidemiology

As shown by epidemiological data, in the USA one out of 640 young adults
aged 20-39 years is a long-term survivor of childhood cancer. Fairly repre-
sentative groups of several or even tens of thousands of childhood cancer
survivors have been observed since 1940 in the United States, Canada, Ger-
many, Great Britain and Italy [2-4]. This allows for a multidirectional analysis
of health condition, organ function and life quality of an increasing number
of survivors, and promotes the changes in radiotherapy and chemotherapy
techniques. 

The largest multidirectional investigations carried out in the United States
as part of the Childhood Cancer Survivor Study (CCSS) in a group of over 20
thousand survivors indicate that more than 60% of them have a chronic dis-
order and 27.5% have a severe life-threatening disease [5]. Of the group of
20,483 patients diagnosed in the years 1970-1986, 2821 died. The most com-
mon cause of death was progression or recurrence of primary or second can-
cer (standardized mortality ratio SMR = 15.2), circulatory disorders (SMR = 
= 7.0) and respiratory diseases (SMR = 8.8). The total SMR was estimated to
be 10.8 [6].

According to the data published by the CCSS in 2009, as compared to the
previous years, there was no increase in mortality rate due to recurrence or
progression of primary tumour; however, the mortality rate due to second
cancers and late organ complications was higher. A higher mortality rate is
observed among women (SMR = 13.2) as compared to men (SMR = 6.7), due
to second cancers, circulatory diseases and other causes. The standardized
mortality rate also depends on the type of primary tumour. It is the highest
in patients after treatment for medulloblastoma (SMR = 23.4), Hodgkin lym-
phoma (SMR = 20.0) and Ewing’s sarcoma (SMR = 20.0), which is mainly
associated with the occurrence of second cancer following radiotherapy. How-
ever, the highest mortality rate due to heart diseases is observed in patients
treated for kidney tumours (SMR = 12.7) and Hodgkin lymphoma (SMR = 11.9)
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with anthracyclines and radiotherapy of the thorax. Patients
who underwent treatment for acute myeloblastic leukaemia
and neuroblastoma have the highest SMR due to respira-
tory diseases (SMR = 24.9 and 11.4, respectively). Other fac-
tors contributing to high SMR include age at diagnosis 
(0-4 years of life), application of radiotherapy, alkylating
drugs and high doses of epipodophyllotoxins [6-8].

The analysis conducted by the BCCSS (British CCSS) on
a group of almost 18 thousand patients treated for cancer
under the age of 15 in the years 1940-1991 estimated the
SMR to be 10.7. Like in the American study, the SMR
decreased along with time of follow-up, but even 45 years
after diagnosis it was threefold higher than expected. The
absolute excess risk (AER, i.e. the number of observed cas-
es minus the expected cases/person/year) of deaths due
to primary tumour recurrence was reduced with the time
elapsed since diagnosis, but it increased when second
tumours and circulatory disorders developed [3]. Scandi-
navian studies conducted among 13,711 survivors aged
under 20 years at the time of diagnosis, treated in the years
1960-1989, showed a similar SMR (10.8), though higher due
to primary tumour recurrence. However, SMR due to sec-
ond cancer was estimated to be 4.9 [9]. In a study carried
out in Italy, out of 6402 adult survivors of childhood cancer,
890 died, mainly due to recurrence or second malignancy
in a group of survivors treated for solid tumours. On the oth-
er hand, complications after therapy were the most com-
mon cause of deaths in a group of patients treated for
leukaemia and lymphomas [4].

Second cancers

Recent studies indicate that second cancers are the lead-
ing cause of preterm deaths in 5-year survivors of childhood
cancer. As the population of children cured of cancer increas-
es, also the incidence of second malignancies in this group
will grow. The risk of second cancer refers to 3-20% of
patients treated for childhood cancer 20 years before, being
20-fold higher than in the general population. The risk is
related to the type of the primary tumour, treatment applied,
genetic factors, age and sex [10-12].

Previously applied radiotherapy is the major cause of
increased mortality after anticancer treatment, also due to
second malignancy (leukaemia and solid tumours). It con-
tributes to the development of chronic circulatory and pul-
monary diseases, obesity and thyroid disorders [13]. The
cytostatics that influence the occurrence of second cancers
(mainly leukaemias) include alkylating drugs, topoisomerase
II inhibitors and epipodophyllotoxins [14].

Cancers affecting the CNS are the most common solid
tumours in childhood. The CCSS has shown that 74% of
patients reach 5-year EFS. However, the mortality rate in
this group is 13 times higher than in the general population,
especially 5-9 years following diagnosis. In the subsequent
years, SMR decreases, but even 30-40 years after diagno-
sis it is still high (SMR = 8.4). The main causes of deaths
among survivors include recurrence of primary and second
cancers, especially those affecting the central nervous sys-
tem (CNS), thyroid cancers and soft tissue sarcomas. First
of all, this is associated with previously applied radiothera-

py, its dose in particular. The highest SMR in patients with
diagnosed primary tumour is found after treatment for
medulloblastoma (SMR = 17.4) and ependymoma (SMR =
15.9). The most common second cancers are gliomas and
meningiomas [15, 16].

Acute leukaemias account for approximately 25% of child-
hood cancers, with 5-year survival averaging 80%. The 
15-year cumulative incidence rate of second cancer is 2.5–4%,
whereas the 30-year rate is approximately 6%. The risk 
for CNS cancer as the second tumour is 10-20 times high-
er than in the general population. The most common sec-
ond cancers are CNS tumours (53%), leukaemia, lymphoma
and skin carcinoma. The risk factors include age below 
5 years at diagnosis, female gender, radiation of the CNS and
medulla (in the treatment/prevention of leukaemia) and
relapse. As after treatment for CNS tumours, gliomas and
meningiomas are the most common. The latent period for
second cancer depends on the type of malignancy, being
approximately 9 years for gliomas to 20 for meningiomas.
Radiotherapy dose is an additional risk factor [17, 18].

Subsequent acute leukaemia is another second malig-
nancy observed after treatment for acute lymphoblastic
leukaemia. Myelodysplastic syndrome (MDS) is also possi-
ble. The major pathogenetic factor is exposure to topoiso-
merase II inhibitors, epipodophyllotoxins and anthracyclines
and high doses of alkylating drugs. Second leukaemia devel-
ops after treatment with alkylating drugs in older children
diagnosed at the age of 10-16 years, often after primary can-
cer relapse, with a latency of 4-10 years. They can be accom-
panied by abnormalities in chromosome 5 and 7, frequently
preceded by MDS. On the other hand, topoisomerase II
inhibitors can induce leukaemia which has a shorter laten-
cy (1-3 years) and at an earlier age [10, 14].

Total body irradiation (TBI) used as myeloablative condi-
tioning, previous radio- and chemotherapy, and immuno-
suppression increase the risk of second cancer in patients
after bone marrow transplantation. Also cancers of the
haemopoietic system (acute myeloblastic leukaemia/MDS),
lymphoproliferative diseases as well as solid tumours of
CNS, thyroid or breast are the most common. Factors that
increase the risk of second cancer include chronic disease,
graft versus host disease (GvHD), TBI application at
a younger age, transplantation from an unrelated donor or
administration of antithymocyte globulin [19-21].

Neuroblastoma accounts for approximately 6% of child-
hood cancers. Rubino et al. in a group of 544 patients treat-
ed for neuroblastoma in the years 1948-86 found a second
cancer in 12, especially in the third decade of the follow-
up [22]. However, in the CCSS conducted in 954 patients
treated for neuroblastoma in the years 1970-86, SMR was
5.6, with relapse or second cancer being the most frequent
cause of death (3.5% after 20 years and 7% after 30 years).
Metaiodobenzylguanidine 131-I (MIBG-131 I ) in combina-
tion with radiotherapy increases the risk of second
leukaemia, MDS, breast and thyroid cancers [23].

Retinoblastoma, a highly curable cancer (95%), is hered-
itary in approximately 40% of cases, with an accompany-
ing deletion of the suppressor gene Rb-1, which coexists
with genetic predisposition to the development of second
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malignancy, including bone sarcoma, soft tissue sarcoma
and melanoma. Also higher is the risk of lung cancer, breast
cancer, colon cancer, and urinary bladder cancer, especial-
ly over the age of 30 years. The cumulative risk for the sec-
ond malignancy is high (38.2%), and 60-70% of second can-
cers are located in the radiation field. In children diagnosed
before the age of 5 years, there is a risk of trilateral
retinoblastoma, i.e. a neuroblastic tumour most frequently
located in the pineal gland [10, 24].

The risk of second cancer after treatment for Hodgkin
lymphoma is particularly high due to radiotherapy and
chemotherapy. The cumulative incidence in a 25-year fol-
low-up is found to be 19%, although data obtained by many
centres represent divergent values depending on the fol-
low-up duration. The most common second malignancies
include acute leukaemias, and cancers of the breast, thy-
roid and gastrointestinal tract, although cancers of the skin,
the urinary system, the brain, bone and soft tissue sarco-
mas are also observed. A younger age at diagnosis (12-16
years), being female, and increased dose of radiotherapy
are independent risk factors [10, 25]. The risk of leukaemia
is from 4 to 175 times higher, and the risk of non-Hodgkin
lymphoma 5-20 times higher than in the general popula-
tion of children. This is associated with previous chemother-
apy, exposure to alkylating drugs and topoisomerase II
inhibitors. Second leukaemia may appear later (after alky-
lating drugs) or earlier, after approximately 2 years, follow-
ing administration of topoisomerase II inhibitors. The prog-
nosis is usually serious, with substantial proliferation of
cancer cells and poor response to treatment. Solid tumours
as second malignancies develop basically at a later age and
affect mainly patients who received a high cumulative dose
of chemotherapy and radiotherapy [10, 26].

The relative risk for breast cancer is 5.2 to 136 times high-
er, and the cumulative incidence increases with age. Women
aged 30-40 years are affected rather than those in their
twenties, usually 10-20 years after termination of treatment
for Hodgkin lymphoma. This is particularly related to previ-
ous radiotherapy and its cumulative dose. Breast cancer is
frequently bilateral. A risk factor is age at radiotherapy
(puberty/young adults). The use of chemotherapy is con-
troversial: many observations suggest that the administra-
tion of alkylating drugs and radiotherapy of the ovarian
region lead to their damage and thus decrease the risk of
breast cancer. Splenectomy is another risk factor as it
impairs the immunological supervision, which promotes
proliferation of cancer cells [10, 25, 27].

Thyroid cancers develop after treatment for Hodgkin lym-
phoma 1.74-36.4 times more often than in the general pop-
ulation of children; the risk increases 10 years after obtain-
ing remission and is particularly high 40 years after the
treatment. Papillary thyroid carcinomas account for 63-90%
of thyroid malignancies. Radiotherapy is the most signifi-
cant risk factor; 95% of tumours are located in the field of
radiation. Genetic predisposition, environmental factors,
immunosuppression and female gender also play an impor-
tant role. Prognosis is usually good and approximately 80%
achieve long-term remission [25, 26, 28].

The likelihood of cancers of the gastrointestinal tract is
7-22 times higher than in the general population of children,
with the oesophagus, stomach and colon being affected.
The latent period ranges from 10 to 20 years. The risk fac-
tors are age at diagnosis (younger), radiotherapy (increas-
es with dose and radiation field), chemotherapy, gastroe-
sophageal reflux, steroids, and Barrett’s oesophagus [25].

After treatment for Hodgkin’s lymphoma (10-15 years),
the risk of lung cancer and bone and soft tissue sarcomas
also increases. Apart from radiotherapy, the risk factors
include chemotherapy and immunosuppression, and for
lung cancer, smoking [25].

Genetic predisposition is a significant risk factor of sec-
ond cancer, e.g. family members with Li-Fraumeni syndrome
presenting suppressor gene p53 mutations, which in com-
bination with previously applied radiotherapy and
chemotherapy increases the risk for second malignancy.
Also genetic polymorphism of drug metabolizing/inactivat-
ing enzymes, such as thiopurine S-methyltransferase
(TPMT), glutathione S-transferase (GST) and CYP3A4, can
increase the risk of second cancer, e.g. brain tumour, acute
myeloblastic leukaemia or MDS [10].

The respiratory system

Respiratory complications are the second most common
cause of mortality after anticancer treatment in childhood
(SMR = 8.8), accounting for 2.6% of deaths [2]. In compar-
ison to healthy relatives, cancer survivors more frequently
develop pulmonary fibrosis, recurrent pneumonia, bron-
chitis, sinusitis, pleural fibrosis and pleuritis, chronic cough,
thoracic deformity or effort dyspnoea. Five and more years
after the cancer diagnosis, the risk for pulmonary fibrosis
increases dramatically, especially after chest radiation and
chemotherapy with busulfan, bleomycin, melphalan, lomus-
tine (CCNU) and cyclophosphamide. Twenty years after
treatment, pulmonary fibrosis affects 3.5% of survivors [5].
Progressive pulmonary fibrosis may lead to the develop-
ment of pulmonary heart and circulatory/respiratory fail-
ure, and the necessity to use oxygen therapy. Following lung
irradiation, after the acute inflammation phase, fibrosis
develops and ventilation becomes gradually impaired [29,
30]. Chest irradiation in children may cause abnormal growth
of bony structures and muscles, leading to deformations.
Patients whose lung fields were irradiated with a total dose
of 12-14 Gy as part of treatment for Wilms tumour and
metastases to the lungs demonstrate reduced lung and life
capacity. Thoracotomy additionally reduces lung capacity.
Among cytostatics, bleomycin is particularly toxic for the
lungs. Its administration leads to lung toxicity in approxi-
mately 10% of treated patients. The histopathological pic-
ture shows exudates within the pulmonary alveoli, with the
subsequent organization, formation of hyaline membranes,
interstitial fibrosis, atypical proliferation of alveolar cells and
metaplasia [31-33]. Combined treatment of Hodgkin lym-
phoma, mantle field radiotherapy and particularly toxic
chemotherapy (bleomycin), as well as treatment of germ-
cell tumours with bleomycin, put these patients at risk for
pulmonary complications. Therapy with alkylating drugs
(carmustine, busulfan, melphalan), e.g. in the treatment of
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brain tumours or in a pretransplantation procedure, also
contributes to lung fibrosis. Following treatment for acute
lymphoblastic leukaemia, there are usually no evident clin-
ical symptoms of respiratory failure; however, symptoms of
restrictive lung disease may appear. The symptoms may
result from the application of anthracyclines and circulato-
ry failure, CNS radiotherapy and exposure to methotrexate,
cytosine arabinoside and cyclophosphamide [34, 35].

Respiratory complications are common in patients who
have undergone bone marrow transplantation. This is relat-
ed to the application of TBI and potentially pulmotoxic drugs
(busulfan, melphalan). The application of TBI may cause
interstitial pneumonia and obliterative bronchiolitis. Postra-
diation pneumonia manifestations include cough, dyspnoea,
chest pain and subfebrile states. The prevalence depends
on the fraction and cumulative doses. Whole lung radiation
with a single dose of 8.2 Gy leads to death of 5% of irradi-
ated patients, while a dose of 9.3 Gy or 11 Gy causes lethal
pneumonitis in 50% or 80%, respectively. Interstitial pneu-
monia is the cause of approximately 40% of deaths after
transplant. Bronchiolitis obliterans organizing pneumonia
(BOOP) accompanies graft versus host disease (GvHD).
Chronic obturative lung disease after bone marrow trans-
plant is an extremely severe complication, with a mortality
rate of over 70% [30].

Cardiovascular diseases

Cardiovascular disorders are also a serious life-threat-
ening complication after anticancer treatment (SMR = 7.0).
The cumulative probability of death due to heart disorders
increases 15-20 years after the diagnosis. SMR for sudden
deaths due to heart disorders is 3.9 [36, 37].

There is a wide range of cardiovascular complications,
including dilated cardiomyopathy, myocardial infarction,
valvular abnormalities, conduction system dysfunction, coro-
nary and cerebral vascular dysfunction as well as pericarditis
[2, 14, 35].

Anthracyclines, especially doxorubicin, are particularly
cardiotoxic cytostatics, which through the toxic action of
reactive oxygen species destroy myocytes and the con-
ducting system, thus leading to structural and functional
abnormalities in the heart, especially left ventricular dys-
function. 

Late cardiotoxicity manifestation depends on age at ther-
apy (most at risk are younger children < 7 years of life),
cumulative dose (> 300 mg/m2), gender (female) and time
that has passed since treatment. Progressive impaired heart
contractility and reduced mass of the left ventricle with
increased afterload lead to chronic congestive heart failure
(CHF), poorly responding to pharmacotherapy [36-38].
According to the New York Heart Association (NYHA), the
mortality rate due to CHF is high (approximately 50%) [37]. 

Subclinical late cardiomyopathy or left ventricular dys-
function, clinically asymptomatic, is diagnosed by echocar-
diography. Its occurrence depends on the cumulative dose of
anthracyclines. A study conducted by Lipshultz et al. showed
increased afterload or decreased left ventricular contractili-
ty in 75% of survivors of childhood cancer, after the applica-
tion of doxorubicin at a mean dose of 334 mg/m2 [39].

Long-term effects of subclinical cardiac dysfunction are not
well known, although it is suggested to cause an increase
in mortality rate due to cardiac disorders, infarcts and
strokes [37, 40].

Mediastinal, thoracic and spinal radiotherapy increases
twofold the risk of deaths due to cardiac causes. Mantle
field radiotherapy used in the treatment of Hodgkin lym-
phoma leads after 10 years to the occurrence of clinical
symptoms of heart disease in approximately 5-6% of those
examined. Ischaemic heart disease, premature coronary
atheromatosis, valve destruction, cardiomyopathy, and con-
stricting pericarditis can be observed. Symptomatic
ischaemic heart disease develops 9 years after radiation
exposure in approximately 10% of patients, whereas steno-
sis of cervical arteries and subclavicular artery affects 7.4%
of survivors 17 years after radiotherapy [37]. 

Irradiation destroys vascular endothelia, thus initiating
the atherosclerotic process, which is accelerated by the gen-
eration of reactive oxygen species and inflammation in
response to endothelial damage. Direct myocyte damage
occurs. Left ventricular dysfunction is observed in 10-20%
of people after radiation to the cardiac region with a dose
of 30-36 Gy, whereas a dose of 50 Gy leads to a decrease
in the ejection fraction in approximately 30% of patients.
Myocardial dysfunction and fibrosis result in restrictive car-
diomyopathy. Disturbances in the diastolic fraction are found
to predominate in patients treated only with radiotherapy,
whereas treatment with anthracyclines impairs the systolic
phase [37, 41, 42]. Apart from patients treated for Hodgkin
lymphoma, also those with Wilms tumour located in the
left kidney (radiation to the site of the removed kidney), with
lung involvement and/or exposed to anthracyclines are at
particular risk of cardiac complications [41, 43].

Radiation directed to the cardiac region also leads to
valvular damage, and the proportion of patients with valve
dysfunction increases with the time of the follow-up. Aor-
tal stenosis is the most common disorder, as well as postra-
diation pericarditis, with exudative, fibrosis or chronic con-
stricting pericarditis [37].

Damage to cerebral vessels is a substantial problem
occurring after head and neck radiotherapy. Mineralizing
microangiopathy is observed in patients treated for
leukaemia with CNS radiation at a dose of > 20 Gy. Radio-
therapy of CNS tumours or sarcomas located in the
head/neck may cause atherosclerotic lesions in brain ves-
sels, moyamoya syndrome, characterized by progressive,
bilateral stenosis of cervical arteries. Changes in brain ves-
sels promote cerebral strokes and pose a major threat to
patients after CNS radiation in the course of treatment for
brain tumours, leukaemia and mantle field radiotherapy in
Hodgkin lymphomas [37, 43-46].

The disorders discussed above are only a few of the
problems that affect survivors of childhood cancers. A num-
ber of pathologies involving other organs (kidneys, endocrine
gland) also contribute to a considerable deterioration of
their health condition and life quality. Multicentre and long-
term observations allow us to elucidate the causes and
types of organ dysfunctions in order to undertake prophy-
lactic and therapeutic actions as well as to search for new
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directions in anticancer therapies to make them targeted,
efficient and less toxic. 
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