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Late Side Effects of Cancer Therapy
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ABSTRACT

In cancer treatment, control of advanced stage disease and cure chances are increased after the introduction of new agents
and combined treatments. Late side effects can be described as the effects that have not been recovering after treatment
or developing after completion of treatment. Nowadays, patients who achieve long term cure are increasing therefore, thus
many late side effects are more evident. These patients should be evaluated by a multidisciplinary team. Detection and early
diagnosis programs should be performed to cancer survivors lifelong. In this rapidly growing population, we need guidelines
that follow and describe late side effects objectively about cancer and cancer treatment. In this way, complications of can-
cer treatment can be detected earlier. By preventing sequelae formation with early treatment, quality of life and long term
survival can be improved.
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ÖZET

Kanser Tedavisinin Geç Yan Etkileri

Kanser tedavisinde yeni ajanlar ve efl zamanl› tedaviler ile ileri evrelerde dahi hastal›k kontrol edilmekte ve kür flans› artmak-
tad›r. Geç yan etkiler tedavi sonras› geçmeyen veya tedavi tamamlanmas›ndan sonra ortaya ç›kan etkiler olarak tan›mlan›r.
Günümüzde tedavi sonras› uzun dönem kür elde edilen hasta say›s›n›n artmas› ile çok say›da geç yan etki daha fazla dikkat
çekmektedir. Bu hastalar multidisipliner bir ekip taraf›ndan takip edilmelidir. Hastalara ömür boyu sürecek tarama ve erken
tan› programlar› uygulanmal›d›r. Bu h›zla büyüyen grupta, kanser ve kanser tedavisinin takibi ve geç yan etkilerini objektif
olarak ortaya koyan k›lavuzlara ihtiyac›m›z vard›r. Böylelikle kanser tedavisi komplikasyonlar›n› erken tespit edebilir, erken
tedavi ile sekel oluflumunu engelleyerek hastalar›n hayat kalitesini ve uzun dönem sa¤kal›mlar›n› olumlu yönde etkileyebiliriz.  

Anahtar Kelimeler:  Kanser tedavisi, Kemoterapi, Geç yan etkiler
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INTRODUCTION
New therapeutic agents and concomitant therapies
introduced in cancer treatment during the last 30
years made cancer a controllable disease with hig-
her cure chances even in advanced stages.1 Nowa-
days, survival of more than 5 years in newly diag-
nosed cancer patients is awaited and the cure rate is
75% in childhood cancers.2,3 With increasing num-
ber of patients obtaining long-term cure, many
long-term or late side effects draw more attention.
It is predicted that one of every 350 adolescents or
young adults and one of every 570 adults with a
cancer diagnosis will be a long-term survivor.4 Be-
cause cancer is a difficult-to-treat disease, a desire
to have effective therapies overweighs the side ef-
fect profile of those treatments. It is known that the
desires of optimal survival and efficacy cause igno-
rance of late side effects of cancer treatment espe-
cially in younger patients. 

Late side effects are defined as the effects that con-
tinue or appear after the completion of treatment.
They impair the quality of life (QoL) and cause
early mortality.5,6 Late side effects change accor-
ding to the age at diagnosis, genetic susceptibility
of the patient and treatment regimen (Table 1).
Many of them cannot be recognized after the comp-

letion of the treatment, however appear during pu-
berty, growth and normal aging. There is at least
one observed chronic side effect due to cancer tre-
atment in these patients.7,8 For this reason, aware-
ness of late side effects is as important as the thera-
peutic efficacy.  However the long-term complica-
tions due to cancer treatment are largely ignored by
clinicians. In a study conducted in our country, only
53% of side effects due to treatment were recorded.
Intensive work-load and not being able to recogni-
ze these side effects were reported as the main obs-
tacles against recording them.9 Most of the informa-
tion about late side effects of cancer treatment co-
me from the studies on childhood and adolescent
cancers.10,11 These side-effects are increasingly
known from the long-term follow-up results of the
studies conducted in adults with curable cancers
such as breast cancer treated with adjuvant therapi-
es and Hodgkin lymphoma (HL) or testicular can-
cers.12,13 Albeit there is no standardised guide, there
are commonly used guidelines. In a study of Nati-
onal Cancer Institute (NCI), it has been shown that
half of the patients in this group were not followed
properly.6 These patients ought to be followed by a
multidisciplinary team through life-long scanning
and early diagnosis programs. 
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Table 1. Late side effects of cancer treatment by treatment modality

Systemic treatment Radiotherapy

Cardiomyopathy, coronary artery disease, Pericardial diseases, cardiomyopathy,
valvular diseases, arryhtmias, pericarditis coronary artery disease, valvular diseases  

Pneumonitis, pulmonary fibrosis, Pneumonitis, pulmonary fibrosis
non-cardiogenic pulmonary edema

GH* deficiency, hypothyroidism, Hypothyroidism
obesity, gonadal insufficiency

Cognitive disorders, peripheral neuropathy, seizures, Cognitive disorders, social problems
loss of vision and hearing, neuropathic pain, depression 

decreased GFR**, tubular dysfunction Infertility, early menopause 

Chronic liver injury Radiation proctitis, gut obstructions 

Osteoporosis Musculoskeletal diseases

Secondary cancer Secondary cancer  

* GH: Growth hormone     ** GFR: Glomerular filtration rate



Cardiovascular Side Effects
Cardiovascular late side effects of cancer treatment
consist of a wide spectrum including cardiomyo-
pathy, coronary artery disease, arrythmias and peri-
cardial disease.14-17 Anthracycline associated cardi-
omyopathy is the most studied late side effect. Do-
xorubicin-associated cardiotoxicity is well known;
its incidence is less than 5% and manifests itself
with diastolic dysfunction.18 The reported rate of
congestive heart failure (CHF) due to anthracycline
cardiomyopathy is 1-2% and it emerges with addi-
tional factors such as labor and heavy physical ac-
tivity.3,19,20 In a study of patients with acute
lymphoblastic lymphoma (ALL), echocardiograp-
hic abnormalities were detected in 57% of patients.
These effects are prominent especially in patients
treated with concomitant chemoradiotherapy.21,22

Younger age at diagnosis, female gender, cumulati-
ve dose of anthracycline (doxorubicin >550 mg/m2,
epirubicin >900 mg/m2), concomitant use with ot-
her cardiotoxic agents, mediastinal or spinal radiot-
herapy (RT) (especially more than 40 Gy) are the
other known risk factors for anthracycline cardioto-
xicity in addition to the type of cancer being treated
and its treatment protocol.23 The mechanisms le-
ading to anthracycline cardiotoxicity are not comp-
letely understood. Studies and hypotheses on the
pathophysiology of anthracycline cardiotoxicity
examining oxidative stress with free radical pro-

duction, apoptosis in myocyte damage and the iron
metabolism support that antioxidants may prevent
this toxicity. Cardiovascular effects of platinum-ba-
sed chemotherapy regimens are clear and they may
lead to Raynaud-like symptoms and coronary ar-
tery disease directly. These regimens increase the
negative effects of the known risk factors (e.g. obe-
sity, lipid abnormalities and hypertension) indi-
rectly and may cause atherosclerosis.24 Other syste-
mic agents may also lead to cardiac toxicity via oxi-
dative stress, coronary artery fibrosis and vasos-
pasm (Table 2). 

CHF due to anthracycline treatment and other ca-
uses cannot be differentiated clinically. History and
physical examination are at the forefront for diag-
nosis. Electrocardiography (ECG), echocardiog-
raphy and multigated radionuclide angiography
(MUGA) can be used in assessing the cardiac da-
mage.25 Increased QTc interval in ECG may point
out cardiac failure. Decrease by more than 20% in
left ventricular ejection fraction (LVEF) or a LVEF
lower than 50% of predicted, are diagnostic. Natri-
uretic peptides have been studied in subclinical left
ventricular dysfunction. Endomyocardial biopsy is
the gold standard but mostly echocardiography is
used as being neither invasive nor expensive.
Physical activity is not limited in patients without
symptoms or with a decrease equal or less than
20% in basal EF. It is recommended that the total
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Table 2. Cardiovascular side effects of systemic therapeutic agents

Carditoxicity Drug

Heart failure Anthracyclines, mitomycin-C, cyclophosphomide, cisplatin, trastuzumab

Myocardial injury Flouropyrimidines, cisplatin, vinca alkaloids, bevacizumab, interleukin-2, 
sunitinib, sorafenib

Thromboemboli Bevacizumab, paclitaxel, tamoxifen, thalidomide

Myocarditis Busulfan, cyclophosphamide

Hypotension Etoposide, thalidomide, interferon, paclitaxel, cetuximab, alemtuzumab, rituximab, 
ATRA*, interleukin-2

Hypertension Bevacizumab, cisplatin, interferon

*ATRA: All-trans retinoic acid



dose should never exceed the proposed levels. The
use of liposomal anthracycline and cardioprotective
agents (dextrazoxan, iron chelators) are important
especially in higher risk patients, but have limited
use. Classical drugs for the treatment of CHF such
as ACE inhibitors, beta-blockers, spironolactone
and other diuretics are used. 

Side effects associated with targeted therapeutic
agents are also reported. Trastuzumab cardiotoxi-
city is the best known and specific one and causes
dose-independent type II myocardial dysfunction.
It may be reversible upon discontinuation of the
drug26-28, but because of inadequate follow up, it do-
es not have a place in the late side effects; the inci-
dence of cardiotoxicity was found higher than cont-
rols only in a 3-years study.29 In another study30, the-
re was no increase in cardiac events with trastuzu-
mab used concomitantly with docetaxel or vinorel-
bine. Trastuzumab should not be combined with
anthracyclines. The age of the patient and decrease
in EF are known risk factors for cardiotoxicity.31

Another targeted agent bevasizumab is known to
increase the thrombotic tendency and causes hyper-
tension.

Heart is amenable for RT damage and this damage
may occur in every part of the heart, especially in
pericardium. Coronary heart disease, cardiomyo-
pathy, valve disorders (aortic and mitral insuffici-
ency), pericardial disease can all occur as late car-
diovascular side effects of RT. Pericarditis and pe-
ricardial effusions are frequent.32,33 By using mo-
dern techniques, the toxicities of RT including car-
diac toxicity were decreased after 1985. More than
40 Gy of total RT dose, anthracycline-based che-
motherapeutic regimens, the proximity of the irra-
diated region to heart, less than 18 years of age, his-
tory of cardiac disease and longer duration of fol-
low-up are risk factors for late cardiac toxicity due
to RT.34,35 Carotid stenosis and increase in stroke
risk are well-known late side effects after head and
neck irradiation.35,36

Pulmonary Side Effects
Incidence of late pulmonary side effects are less
than 10%. They are mainly observed in young pati-
ents due to developmental defects in their thoracic
wall and pulmonary capacity.  Other risk factors
include advanced age (>70 years), concomitant or

sequential use with RT and concomitant use of
drugs with pulmonary toxicities. Interstitial pne-
umonitis/fibrosis, hypersensitivity reactions and
non-cardiogenic pulmonary edema are clinical ma-
nifestations of late pulmonary toxicity.37,38 Morbi-
dity and mortalitiy are especially associated with
radiation pneumonitis. Dose-toxicity relationships
are especially important in drugs such as bleomy-
cin, busulphan and nitrosurea (BCNU). Pulmonary
toxicity associated with taxanes, gemcitabine and
etoposide were also reported. Pneumonitis and fib-
rosis associated with recently introduced targeted
agens such as gefitinib, erlotinib and imatinib were
reported and may be fatal. Late pulmonary toxiciti-
es, e.g. idiopathic pneumonia and bronchiolitis ob-
literans were seen after stem cell transplantation.39-41

Histopathological findings may include endothelial
cell damage, hyaline membranes, nodular inflam-
mation areas and fibrosis. Diffuse alveolar damage
(bleomycin, busulphan, BCNU, cyclophosphami-
de, mitomycin-C), non-specific interstitial pneumo-
nia (methotrexate, BCNU), pneumonia organised in
the setting of bronchiolitis obliterans (bleomycin,
methotrexate, cyclophosphamide) and pulmonary
hemorrhage may occur.37,40

Diffuse pulmonary fibrosis is prominent with bu-
sulphan and may occur anytime after treatment.
Diffuse interstitial damage and intraalveolar pattern
may be seen radiologically. It is associated with
progressive restrictive loss of pulmonary functions
and known as ‘busulphan lung’ but may be associ-
ated also with cyclophospamide.   

Bleomycin is mainly used in the treatment of pedi-
atric germ-cell tumors and lymphomas. Bleomycin-
associated pulmonary toxicity is reported with total
doses of more than 200 mg/m2 and 450 mg/m2 in
children and adults, respectively. Inspiratory rales
are heard followed by decreased oxygen capacity.
Pulmonary X-ray demonstrates pulmonary infiltra-
tes and diffuse alveolar damage. Toxicity risk inc-
reases if bleomycin is used concomitantly with ot-
her chemotherapeutic agents or RT. 

Pulmonary damage due to RT is often seen in HL
treated with mantle or mediastinal RT, sarcomas
with lung metastases and brain tumors treated with
RT especially in higher (more than 20 Gy) doses.
Radiation pneumonitis is a late acute reaction and
develops in 1-3 months following RT. It is self-li-
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mited generally, but in some cases progresses to
pulmonary fibrosis in 6-24 months. Pulmonary fib-
rosis may result in cor pulmonale and respiratory
failure in late stages.42 High dose chemotherapy and
whole-body irradiation increase the risk of pulmo-
nary toxicity also.43

Clinical course may be insidious at the beginning
with non-productive cough and dyspnea. History
and physical examination findings are very impor-
tant. Fever, tacyhpnea, rales and decrease in chest
expansion may occur. Chronic pulmonary diseases,
infections, lymphangitic metastases, pulmonary he-
morrhage and radiation pneumonitis must be ruled
out in differential diagnosis. Radiological findings
may be normal but basal linear densities, nodular or
interstitial pneumonitis pattern and pleural effusion
may be seen. Other diagnostic tests include pulmo-
nary function tests (PFT’s), measurement of arteri-
al blood gases and if needed, bronchoscopic or
open lung biopsies. PFT’s generally show restricti-
ve pattern with decreased diffusion capacity of lung
for carbon monoxide (DLCO) and forced vital ca-
pacity. The causal drug must be interrupted for tre-
atment. Corticosteroids are the most important
agents in the treatment of radiation-related pne-
umonitis. Bronchodilators may be used for sympto-
matic relief.

Endocrine Side Effects 
Endocrine side effects are common following can-
cer treatment; an endocrine abnormality is observed
in 40% of the patients. While growth hormone
(GH) deficiency is frequent in younger ages like
childhood, hypothyroidism is the most frequent en-
docrine side effect following cancer treatment in ol-
der ages.44,45 Younger age groups are more affected.
GH deficiency, primary hypothyroidism and pri-
mary ovarian failure are the most frequent endocri-
ne side effects. Hypothalamic-pituitary axis, thyro-
id and gonads are affected following both chemot-
herapy and RT. Hypothalamus is more commonly
affected than pituitary gland. First GH, then gona-
dotropins and ACTH are affected. While panhypo-
pituitarism is rare, GH deficiency is a frequent
complication.47,48 Other hypothalamic-pituitary
dysfunctions especially in childhood tumors conta-
in puberta precox and diabetes insipidus.

GH deficiency following cranial RT is frequent es-
pecially before the 4th year of life and dose-depen-
dent. It may develop with low doses such as 18 Gy.
GH deficiency causes increase in lipid percentage,
decrease in exercise tolerance and in QoL and a di-
sordered lipid profile. GH deficiency, hypothyro-
idism and retarded skeletal development are res-
ponsible for growth retardation. Growth rate is dec-
reased in children with GH deficiency than other
children in the same age group whom cannot reach
the expected body weight in adulthood. Prepubertal
GH replacement may be useful but this response is
short-term and the patient cannot reach the expec-
ted values in adulthood. GH replacement improves
QoL, bodily composition, cardiac side effects and
bone mass.49 Conflicting results were reported abo-
ut the relationship between GH replacement the-
rapy and the increased relapse risks of brain tu-
mors.50,51

Thyroid gland is radiosensitive. Hypothyroidism
generally develops following RT to head and neck
region. It is a frequent complication after RT in HL,
head and neck tumors and spinal RT. It may deve-
lop as a secondary complication of hypothalamic-
pituitary axis irradiation. Thyroid dysfunction de-
velops mostly in the following 5 years.52 Hypothy-
roidism developed in 14-25% of HL patients who
received more than 40 Gy and in 9% of ALL pati-
ents received more than 24 Gy. The reported inci-
dences of thyroid nodules, Grave’s disease, thyroid
cancer and Hashimoto thyroiditis were 3.3, 3.1, 1.7
and 0.7%, respectively, in the same patient popula-
tion. In a study of HL patients treated with RT, the
incidence of clinical hypothyroidism was 47% after
26 years following RT.52 The risk of developing
thyroid nodules was 27-fold higher in comparison
with the healthy controls. In the same study the re-
lative risk for thyroid cancer was 1.83 in compari-
son to the general population. Thyroid cancers due
to RT are generally well-differentiated papillary
cancers.53 The risk of hyperparathyroidism is also
clearly increased in patients received RT to head-
and-neck region.54

Obesity is another frequent late endocrine side ef-
fect in children and is more frequent especially in
girls who were treated with cranial RT. Higher fre-
quency in girls was explained with late myelinisati-
on when compared to boys. It is thought that dama-
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ge in hunger center, disordered bodily composition
and increase in leptin levels have some roles in obe-
sity. Obesity may develop in patients treated with
chemotherapeutics.55 Disordered lipid profile cha-
racterised with decreased HDL-cholesterol and inc-
reased total cholesterol levels is a frequent metabo-
lic disorder and may lead to early atherosclerosis
even in the absence of GH insufficiency. Hyperin-
sulinemia was linked to increased risk of metabolic
syndrome in another study.56

Chemotherapy, RT and surgical interventions may
have negative effects on the sexual functions and
fertility. Gonadal failure may be observed as a
complication of cancer treatment. Testes are more
predisposed than ovaries. Many chemotherapeutic
(especially alkylating) agents have potential to ca-
use gonadal failure. This risk is especially high in
pubertal males and cause testosterone insufficiency
and decrease in testicular volume due to Leydig cell
damage. Females are more sensitive to RT; degree
of female gonadal failure is dependent on RT dose
and type. ABVD regimen leads to less gonadal fa-
ilure than MOPP regimen in HL patients and azos-
permia improves many of the patients treated with
ABVD regimen.57 Hundred percent azoospermia
follows even low-dose (2-3Gy) testicular irradiati-
on after 40 months.58 Retrograde ejection following
retroperitoneal lymph node dissection for testicular
cancer may influence fertility.59 Both cranial and
abdominal RT may lead to gonadal failure with the-
ir effects on hypothalamus-pituitary axis and germ
cell function, respectively. Prepubertal males and
postpubertal females are more affected than the op-
posite gender. Reversibility is higher in male gona-
dal failure. 
Similarly, chemotherapy with alkylating agents and
RT (ovarian, whole abdominal, craniospinal) may
result in dose-dependent amenorrhoea in females.
Prebupertal or adolescent females are less sensitive
to such effects of chemotherapeutics and RT. Ame-
norrhea is a frequent late side effect in females es-
pecially treated for breast cancer. Pharmacologic
ovarian suppression may be used to protect fertili-
zation. In addition, embryo or oocyte/sperm cryop-
reservation, storage of ovarian tissue and oocyte
donation are other fertility preserving techniques.
Early menopause is one of the main concerns. In a
large study conducted in women treated with abdo-
minal RT and alkylating ages, the mean age for me-

nopause was 31 years. The incidence of congenital
malformations was 3-4% in children of patients and
there are no major differences between them and
general population. The possibility of fertility was
reported low however there is no consensus about
the rates of spontaneous abortion, low birth-weight
and prematurity.60

Neuropsychiatric Side Effects
Cognitive and intellectual disorders may be seen
especially in patients with ALL and brain tumors
who received cranial RT and in patients treated
with high-dose intrathecal methotrexate. Dose-de-
pendent memory disorders, attention deficiency, di-
sordered concentration, mental retardation, lower
IQ and learning problems were reported in these
patients especially with more than 36 Gy dose. In
addition female gender, tumor type (e.g. brain tu-
mors) and localization of the tumor, type of surgi-
cal intervention and cranial RT in young patients
are some of the other risk factors (61). Leucoencep-
halopathy and microangiopathy were reported in
ALL patients who received cranial RT in MRI exa-
minations.62 Their IQ levels were lower than he-
althy controls in the same age groups. Neurocogni-
tive disorders are major problems in children who
received total body irradiation especially before
ages 2-3 and become clear in ages 3-6. 

Peripheral neuropathy is a frequent complication
following (e.g. vincristine and cisplatin) chemothe-
rapy. Vincristine causes axonal damage, however
myeline sheats are protected. Central nervous sys-
tem is also affected. Neuropathy is one of the most
important side effect of paclitaxel and oxaliplatin.
Other agents leading to neuropathy include thalido-
mide, cytarabine (especially in higher doses), met-
hotrexate, ifosfamide, procarbazine and fludarabi-
ne. Other complications include epileptic attacks,
leucoencephalopathy, visual or auditory losses, mo-
tor neuropathy, ataxia and neuropathic pain.63

Patients are at long-term risk because of their dise-
ase, its treatment and late physical effects. Besides,
education, relationship and insurance problems ha-
ve negative influences on their QoL. Many patients
have cognitive problems hindering their integration
with social life. Psychiatric problems such as dep-
ression, somatization, anxiety, post-traumatic stress
disorder are frequent following cancer treatment.
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Compliance problems, social phobia, bodily pains
with no reason, phobias without reason and tired-
ness were reported in some patients. They have dif-
ficulties in education, getting married or finding a
job in comparison with healthy persons of the same
age. Suicidal ideation and attempts were reported in
a small, however, significant percentage of patients.64

Genitourinary Late Side Effects
Renal toxicity is one of the serious late side effects
of chemotherapy and manisfests itself with tubular
dysfunction and decrease in glomerular filtration
rate (GFR). Hypertension, proteinuria, glucosuria,
phosphaturia, hypomagnesemia and renal tubular
acidosis may develop in these patients. There is
magnesium-losing tubulopathy in every patient.
Decrease in GFR occurs early but may manifests it-
self after 10-15 years because of the compensatory
hyperperfusion.65 Renal toxicity is a dose-limiting
side effect of platinum-based chemotherapies. If
GFR is less than 60 mL/min/1.73 m2, platinum do-
se must be decreased or discontinued. Carboplatin
is a platinum analogue with similar properties and
because it has no metabolites, its nephrotoxic effect
is less than cisplatin but is more myelotoxic. Howe-
ver its combination with ifosfamide was conflic-
tingly found more nephrotoxic compared to its
combination with cisplatin.66 Renal, glomerular and
tubular toxicity may develop due to cyclophospha-
mide and ifosfamide. Proximal tubular dysfunction
is the most frequent side effect. Mesna can prevent
hemorrhagic cystitis and probable late effects du-
ring treatment. These are especially frequent with
carboplatin-cisplatin (more than 600 mg/m2) and
ifosfamid (more than 60-90 g/m2). Tubular damage
due to chemotherapy may continue months or ye-
ars; and may lead to Fanconi syndrome. Prior neph-
rectomy, younger age at diagnosis, RT to renal re-
gion, concomitant use of the other nephrotoxic
drugs (aminoglycosides, amphotericin B) and pre-
vious, but latent renal disease are among the predis-
posing factors. Probable toxicity must be followed
with creatinine clearence.65,67

RT to kidney or a nearby localization may lead to
renal toxicity, renal failure and hypertension. After
a latent period of 3-12 months, these side effects
may be apparent. RT more than 15-20 Gy may re-

sult in renal artery stenosis, tubular damage and
hypertension. Nephrectomised patients diagnosed
at younger age with Wilms tumor are at risk. In the-
se patients, radiosensitizing agents (e.g. actinomy-
cine, doxorubicine) may have a role in late renal ef-
fects.68,69

Bladder fibrosis, renal tubular necrosis and bladder
carcinoma are among the other genitourinary
complications. High dose ifosfamide-cyclophosp-
hamide, history of hemorrhagic cystitis and longer
follow-up periods are reported risk factors for blad-
der cancer.70

Gastrointestinal Side Effects
RT and many chemotherapeutic agents have acute
gastrointestinal side effects but their late side ef-
fects are rare. Hepatic damage risk is associated
with many agents, primarily methotrexate, busulfan
and 6-mercaptopurin.71 Chronic liver damage is in-
cidious and asymptomatic. Continuous low-dose
therapy is more risky than high doses given inter-
mittently. Secondary chronic liver damage is infre-
quent with whole abdominal irradiation except in
Wilms patients. Intestinal adhesions and fibrosis,
motility disorders, malabsorption, perforation and
lactose intolerance may be associated with abdomi-
nal RT. Bowel is affected during spinal RT. Trans-
fusions increase viral hepatitis risk; hepatitis C was
diagnosed in 4-8% of patients. Patients must be im-
munised against hepatitis B. 

Visual and Auditory Side Effects
Some patients with retinoblastoma and orbital
rhabdomyosarcoma are treated with RT. RT decre-
ases bitemporal diameter; besides can cause orbital
hypoplasia, decrease in lacrimation, keratoconjunc-
tivitis and ptosis. RT-related retinopathy is more
frequently seen with doses more than 40 Gy. In a
study of 102 patients with orbital rhabdomyosarco-
ma, cataract and decreased vision were developed
in 82% and 70% of patients, respectively.72 Cataract
may develop with smaller doses also. Cranial RT in
some brain tumors and whole body irradiation fol-
lowing bone marrow transplantation may affect eye
and orbita.73
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Hearing loss as a late side effect of cancer treatment
may lead to communication and learning difficulti-
es. Platinum-based agents, aminoglycoside antibi-
otics, loop diuretics and cranial RT may cause loss
of hearing through cochlear damage; children are
more sensitive. This side effect is more frequent du-
ring concomitant treatment with cisplatin and RT

Musculoskeletal Side Effects
Osteoporosis is one of the most important late side
effects. It may develop as a consequence of bone
metastases, cancer treatment, immobility, gonadal
failure and frequently associated with increased
morbidity. Chemotherapy, especially with conco-
mitant steroid use, causes trabecular bone loss. Pa-
tients with gonadal failure must be carefully evalu-
ated for osteoporosis and must be treated concomi-
tantly with hormone replacement if any evidence is
found. The pathophysiology is barely known but
decreases in bone turnover and vitamin D levels are
potential reasons.74,75 Bone and muscle atrophy, de-
formity, fibrosis, osteonecrosis and fractures may
be associated with chemotherapy and especially
RT. In a study on high-risk ALL patients, avascular
necrosis developed in 3 years following the diagno-
sis in 111 of 1409 (9.3%) patients.76

RT is mainly responsible for late side effects in oral
cavity (dry mouth) and teeth. These are never seen
in patients treated with chemotherapy only. Patients
receiving RT to head and neck region are at risk for
maxillofacial abnormalities. Calcification, retarded
development and caries in affected teeth are impor-
tant problems. Younger age at diagnosis and higher
dose of RT are known risk factors. Mandibular os-
teonecrosis related to biphosphonates is a relatively
recent entity.77

Secondary Cancers
New secondary cancers are awaited in 20 years af-
ter diagnosis. The risk increases 10-fold in compa-
rison with healthy individuals in the same age gro-
ups. Secondary cancers may be related to chemot-
herapy, RT or both.78,79 Genetic predisposition and
mutagenic effects of cancer treatment have a role in
secondary cancer development together or indepen-
dently. Genetic predisposition and point mutation
of p53 gene are the most important causes. In addi-

tion, immunosupression, heredity, exposure to car-
cinogens (tobacco, alcohol) may play roles in the
development of secondary cancers.80,81 Secondary
cancers are generally problematic in patients with
once succesfully treated cancers with a good prog-
nosis and long survival. Retinoblastoma, HL and
soft tissue sarcomas are the most common primary
cancers in patients who develop secondary cancers
following treatment. Secondary cancer incidence is
low in leukemias, especially following ALL. In the
first 5 years, hematopoietic and lymphatic system
cancers, then solid cancers (brain tumors and carci-
nomas) are most frequent.82,83 When RT is added to
therapeutic regimen, risk increases. Risk is especi-
ally higher in patients treated with higher doses and
at younger age at diagnosis.82 It has been shown that
secondary cancers develop in 50% and 25% of pa-
tients with Rb gene carriers treated and not treated
with RT, respectively.84 Bone and soft tissue sarco-
mas, HL, non-Hodgkin lymphomas (NHL), brain,
skin, breast and thyroid cancers and leukemias are
the most frequent secondary cancers. The latent pe-
riod in secondary leukemias is longer than the pri-
mary ones. 

Alkylating chemotherapeutic agents may lead to
dose-dependent acute myeloid leukemia (t-AML)
and myelodysplastic syndrome (MDS). DNA da-
mage is the direct mechanism. t-AML is very resis-
tant to treatment and has a very low cure chance; its
latent period may be 5-7 years. Risk makes a plate-
au after 10 years. Advanced age, history of splenec-
tomy, concomitant RT, advanced disease, high dose
alkylating agents and relapse are among the risk
factors. Especially nitrogen mustard and chloram-
bucil increase AML risk. Using less leukomogenic
agents instead of alkylating agents (e.g. nitrogen
mustard) decrease t-AML risk.13,85 In addition, epi-
podophyllotoxins (etoposide and teniposide) cause
t-AML with different characteristics. They inhibit
topomerase II and prevent DNA repair. Risk incre-
ases with increased total dose. Characteristically,
latent period is short in this kind of t-AML and the-
re is no prodromal period. Those leukaemias often
belong to M4 or M5 subgroups. There is a translo-
cation including MLL gene and 11q23 band. Risk
increases especially with high (more than 5 mg/m2)
doses.86
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Long-term immunosupression is another cause of
cancer. Lymphoproliferative diseases following bo-
ne marrow or stem cell transplantation are the best
examples. In addition, development of t-AML has
been reported in these patients. 

Solid tumors are less frequent in patients receiving
RT. They develop later and frequently in irradiated
parts of the body compared to leukemias. in secon-
dary cancers. Using alkylating agents, especially
using with RT, has been reported to cause secon-
dary soft tissue and bone sarcomas. Risk is propor-
tional to dose of alkylating agents. In addition, it
has been reported that urothelial cancers are incre-
ased in patients treated with cyclophosphamide.
Solid tumors related to RT are better characterized.
Especially breast cancer following RT in HL is the
most common solid tumor in these patients13,86 and
is related to radiation dose. Solid tumors are frequ-
enty seen after a latent period of 8-25 years. Simi-
larly, thyroid cancer is reported following RT in he-
ad and neck cancers. 

In children of patients with long-term survival; can-
cers such as retinoblastoma, Wilms tumor, and Li-
Fraumeni syndrome may develop; it has been tho-
ught that acquired hereditary abnormalities incre-
ase the secondary cancer risk but in a study, no dif-
ference was found compared to general populati-
on.87

CONCLUSION
Late side effects of cancer are increasingly seen due
to increase in cancer incidence and successful use
of combined modality cancer treatment regimens
leading to long-term survival chance. These pati-
ents are frequently seen by physicians other than
oncologists. We need objective guidelines to follow
these patients to detect late side effects of cancer
treatment. Thus, we can detect the complications of
cancer treatment earlier, prevent sequelae with
early treatment and improve the patients’ QoL and
long-term survival. 
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