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Late effects of treatment in survivors of childhood cancer
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Abstract
Background: Improved survival after childhood cancer is attributed to intensive, aggressive therapy, adverse sequelae of which can
manifest months to years after completion of treatment.There is little information about the late adverse effects of both childhood
cancer and its therapy in survivors in India. Aim: To determine the long‑term sequelae associated with therapy in childhood cancer
survivors attending a tertiary cancer center in India. Materials and Methods: We studied 155 consecutive survivors of childhood
cancer who were ≤14 years at the time of diagnosis and had completed 3 years of follow‑up.The study included a complete history
and clinical examination, with specific investigations to detect organ toxicity. Quality of life (QOL) was assessed from responses to a
standardized questionnaire. Neurocognitive assessment was carried out in 20 survivors with an adaptation of the revised Wechsler
adult intelligence scale for adults and the Malins intelligence scale for children. Results: The late effects included impaired fertility
in 38 patients (24.5%), impaired growth pattern in 7 (4.5%), endocrine dysfunction in 7 (4.5%) and second malignancy in 2 (1.2%).
Three of the 20 patients assessed had severe neurocognitive impairment. A high QOL was reported by 60% of survivors and an
“average” QOL by 38%. Conclusion: Our study showed that most survivors had a good QOL and our results will help clinicians
to better monitor childhood cancer survivors in countries with limited resources.
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Introduction
An increase in the number of survivors of childhood cancer
has heightened the appreciation of the late complications
caused by the disease and its treatment. In the USA, the
5‑year survival rate from all types of childhood cancer
increased from 51% in 1973 to 79% in 1997 respectively.[1]
The incidence of childhood cancer in India is 9 per
million.[2]. However the latest cumulative risk for childhood
cancer in the Madras metropolitan Tumor Registry is 1 in
426 for boys and 1 in 585 for girls [3].
It is now recognized that the therapy responsible for improved
survival can also produce adverse long‑term, health‑related
outcomes that manifest months to years after completion of
treatment. These late effects include organ dysfunction, second
malignancies and adverse psychosocial sequelae.[4]
Monitoring after childhood cancer should have two main
goals: To confirm continued remission and to monitor for
late effects of cancer or its therapy. Although anecdotal
information indicates that survival rates from childhood
cancer have increased steadily in India, there is a paucity
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of data regarding long‑term follow‑up of survivors. The
purpose of this study was to determine the long‑term
sequelae associated with therapy in childhood cancer
survivors attending a tertiary cancer center in India.

Materials and Methods
Materials

We studied 155 long‑term survivors of childhood
cancer (114 males and 41 females) prospectively at the
after‑completion‑of‑therapy (ACT) clinic of the Medical
Oncology Unit of the Cancer Institute (WIA), Chennai,
India. The group comprised children in whom cancer had
been diagnosed between 1968 and 2001, were ≤ 14 years
at the time of diagnosis and had completed at least 3 years’
follow‑up. 19 of the survivors had a family history of
cancer. The pattern of diagnoses is shown in Table 1.
With respect to treatment, 151 persons (97%) had received
chemotherapy, 85 (55%) had radiotherapy and one had
high‑dose chemotherapy with autologous peripheral blood
stem cell support. 26 persons (17%) had undergone
surgery, of which three (two with Hodgkin lymphoma
and one with acute lymphoblastic leukemia [ALL]) had a
splenectomy (in the lymphoma patient, splenectomy was
performed as part of staging laparotomy and in the child
with ALL prior splenectomy was done for trauma, two
had enucleation (as part of treatment for retinoblastoma)
and four had nephrectomy (as surgery for Wilms tumor
treatment).
Methods

The evaluation at the ACT clinic included a complete
history, anthropometric measurements and a clinical
examination, with special emphasis on late toxicity and
specific investigations to detect organ toxicity [Table 2]
after a prior informed consent. Details of the type and
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Table 1: Original diagnoses of childhood cancer among survivors
Diagnosis

Number

Age range at diagnosis
(median age) years

Acute lymphoblastic leukemia

50

1‑14 (7.5)

Hodgkin lymphoma

55

3‑14 (8.5)

Non‑hodgkin lymphoma

21

2‑14 (8)

Osteosarcoma or soft tissue sarcoma
Germ cell tumor

12
4

5‑14 (9.5)
2‑9 (5.5)

Wilms tumor

5

1‑6 (3.5)

2
2
4
155

1‑3 (2)
4‑9 (6.5)
‑
‑

Retinoblastoma
Acute myeloid leukemia
Others
Total

doses of treatment received were noted. Semen analysis
was performed for patients who received alkylating agents
and radiotherapy to abdomen and pelvis. Thyroid and sex
hormone evaluation were carried out in survivors who
received radiotherapy to the brain and head and neck
region.
Quality of life (QOL) was assessed in 56 childhood
cancer survivors with the Cancer Institute’s standardized
questionnaire.[5] The dimensions of QOL included general,
physical and psychological well‑being, interpersonal
relationships, sexual and personal ability, cognitive
well‑being, optimism and belief, economic well‑being,
informational support, patient‑physician relationship and
body image.
Neurocognitive assessment was performed in 20 survivors
of ALL. The Malins intelligence scale for Indian children[6]
was used for subjects aged 6‑16 years and the revised
Wechsler intelligence scale[7] for participants over 16 years
of age. Abstract thinking, reasoning, attention,
concentration, decision‑making and memory were assessed.
All persons were given counselling and education for
healthy living and referred to sub‑specialists if specific
toxicity was detected. The persons who had undergone
splenectomy received specific counselling about the risk
for severe infections.
Informed consent was obtained from all participants
prior to entry to the ACT clinic and prior to QOL and
neurocognitive assessments. The study was approved by the
Institutional Review Board.

Results
The age range of survivors seen at the clinic is shown in
Figure 1. The median age of survivors at follow‑up was
24 years. 90 persons (58%) were between 15 and 25 years
of age at the time of follow‑up [Figure 1].
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Common chemotherapy
drugs and dose range
(mg/m2)
Anthracyclines (160‑350)
Prednisolone (1800‑3600)
Vincristine (13.5‑18.5)
Anthracyclines (80‑240)
Cyclophosphamide (2000‑4000)
Anthracyclines (80‑300)
Cyclophosphamide (2000‑4000)
Vincristine (10.5‑13.5)
Adriamycin (80‑300)
Etoposide (900‑1200)
Cisplatin (100‑400)
Adriamycin (80‑160)
Vincristine (10.5‑13.5)
Vincristine (10.5‑13.5)
Anthracyclines (160‑300)

Radiation received
yes or no what % age
patient and dose range
Yes (18‑24 Gy)
Yes (20‑40 Gy)
Yes (18‑30 Gy)

No
No
Yes (12‑18 Gy)
Yes (40‑50 Gy)
No

Table 2: Proforma for clinical examination and
investigations at the after‑completion‑of‑therapy
clinic, Division of Medical Oncology, Cancer
Institute (WIA) Chennai, India
Examination: Height_____, Weight______,
Body surface area____, Body mass index_____,
Temperature___, Pulse___, Respiratory rate___,
Blood pressure___/____
Normal or abnormal
Eyes
Head
Face
Neck
Chest
Respiratory System
Cardiovascular System
Gastrointestinal
Genitourinary
Central nervous
system
Skin
Musculoskeletal
Lymphatics

Clinical
comments

Investigation
Complete hemogram
Urine routine exam
Renal function tests
Liver function tests
S. electrolytes
Hepatitis B surface
antigen
Hepatitis C virus
Human immunodeficiency
virus
Chest X‑ray‑PA view
Electroencephalogram or
sonography
Pulmonary function tests
Ultrasonography of the
abdomen and pelvis
Thyroid hormones
Semen analysis

The duration of follow‑up was 3‑37 years; the median
follow‑up was 8 years, the majority (63%) being in the first
decade of follow‑up.
Three male participants consumed alcohol and one had
a history of smoking (treated for Hodgkins lymphoma);
none of the female subjects had a history of smoking
or alcohol consumption. Most of the patients had a
61
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normal or low normal body mass index (26% and 68%,
respectively).
The pattern of late effects detected is shown in Table 3. Male
and female gonadal dysfunction was the commonest late
toxic effect seen (25%). Of the men, 89% had oligospemia
or azoospermia, while 78% of women reported gonadal
dysfunction, amenorrhea or oligomenorrhea. All had
received combination chemotherapy that included alkylating
agents [Figure 2]. 7 persons (3 with Hodgkins lymphoma and
4 of ALL), four of whom with ALL had received prophylactic
cranial irradiation of 18 Gy, did not attain “height for age”.
Hypothyroidism was seen in 4 of 23 subjects tested. Two
had had Hodgkin lymphoma, one had had non‑Hodgkin
lymphoma and one had been treated for ALL. All had
received radiotherapy to the head and neck. Three had a
thyroid profile suggesting subclinical hypothyroidism.
Two second cancers were observed. A 1‑year‑old female
child, found to have bilateral retinoblastoma in 1968 and
treated with external beam radiotherapy (50 Gy), presented
in February 2005 with a pre‑auricular swelling and
lymphadenopathy and ectomesenchymoma of the parotid
gland was diagnosed. An 8‑year‑old boy in whom stage II
Hodgkin lymphoma had been diagnosed in 1973 underwent

staging laparotomy and was treated with combination
chemotherapy and “mantle” radiotherapy. In May 2005, he
presented with dysphagia and was found to have carcinoma
of the hypopharynx.
Two survivors out of 155 patients (1.3%) were
found to have cardiovascular dysfunction (at 11 and
16 years of follow‑up respectively). A 17‑year‑old male
in whom lymphoblastic lymphoma was diagnosed in
1995 had received anthracycline‑based chemotherapy
(350 mg/m 2 cumulative dose) and irradiation to the
mediastinum (25 Gy). He was subsequently found to
have dilated cardiomyopathy with congestive cardiac
failure in 2004. The other person was a 24‑year‑old male
survivor of Hodgkin lymphoma (cumulative dose of
anthracyclines 200 mg/m2) and had received subtotal nodal
irradiation (30 Gy) and was in the 16th year of follow‑up.
He was asymptomatic but was incidentally found to have
mitral valve regurgitation. Echocardiography done at
diagnosis was within normal limits.
Post‑mantle field radiotherapy lymphedema was seen in one
person. One survivor treated for ALL developed avascular
necrosis of the head of the femur (who was 5 years at the
time of diagnosis). Two were found to have gynecomastia.
Ultrasonography of the abdomen and pelvis revealed no
abnormal findings. The QOL assessment showed a high
QOL for 31 (55.3%) persons and an average QOL for
21 (37.5%). Neurocognitive assessment was performed on
20 survivors of ALL, all of whom had received prophylactic
cranial irradiation (range: 18‑24 Gy median dose, 20 Gy)
and 12 doses of intrathecal methotrexate as per the MCP
841 protocol. The mean age of the children in this group
was 17.3 years and 93% were male. The median duration
of follow‑up was 9.3 years. 3 (15%) of the subjects had
a score suggesting mental deficiency (score ≤69), while
12 (60%) had average scores (90‑109).

Discussion
Figure 1: Age of the subjects during follow‑up at the after-completionof‑treatment clinic

a

Our results show that the most common long‑term sequelae
of therapy for childhood cancer were impaired reproductive
capacity and abnormal growth. Obesity was uncommon and

b

Figure 2: (a and b) Patterns of gonadal dysfunction among survivors of childhood cancer at the time of follow‑up at the after‑completion‑of‑treatment
clinic, Cancer Institute, Chennai, India
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Table 3: Late effects among survivors of childhood cancer at the time of follow‑up at the
after‑completion‑of‑treatment clinic, Cancer Institute (WIA), Chennai, India
Late effect
Undernutrition
Obesity
Male gonadal
dysfunction
Female gonadal
dysfunction
Seroconversion to
hepatitis B virus
Seroconversion to
hepatitis C virus
Seroconversion to both
hepatitis B and C virus
Hypothyroidism
Subclinical
hypothyroidism
Secondary neoplasm
Musculoskeletal disorder
Lymphoedema
Impaired growth pattern
Cardiovascular
dysfunction
Dental abnormalities

No. of persons
examined
155
155
114

No. of subjects
with effect (%)
9 (6)
3 (1.9)
28 (25)

ALL

HL

NHL

5
1
8

1
2
11

2

41

9 (22)

3

4

1

155

41 (26.4)

19

12

7

2

155

38 (24.5)

17

10

8

1

155

18 (11.6)

10

6

2

23
23

4 (17.3)
3 (13)

1
1

2
2

1

155
155
155
155
155

2 (1.3)
12 (8)
1 (0.6)
7 (5)
2 (1.3)

155

25 (16)

6
4

12

1
4
1
3
1
8

5

OS

GCT

WT

Rb

AML

OT

1
2

1

1

1
1
1

1

1
1

1

1
3

1

1

ALL=Acute lymphoblastic leukemia, HL=Hodgkin lymphoma, NHL=Non‑hodgkin lymphoma, OS=Osteosarcoma or soft tissue sarcoma, GCT=Germ cell tumor,
WT=Wilms tumor, Rb=Retinoblastoma, AML=Acute myeloid leukemia, OT=Others

most of the survivors had a good QOL. The limitations
of the study include the fact that the study population
comprised only the survivors who agreed to attend the ACT
clinic and that hormonal evaluations were not performed in
all subjects, owing to financial constraints.
Impaired reproductive capacity was the most common
long‑term toxic effect. All the subjects had received
alkylating agents, which are widely used in treating
childhood cancer but are often responsible for gonadal
toxicity. Spermatogenesis is highly sensitive to
cyclophosphamide, with a dose‑effect relationship that is
exacerbated by co‑administration of other alkylating agents,
like procarbazine.[11] Furthermore, permanent azoospermia
results from radiation doses greater than 3‑4 Gy. [12] In
females, the risks of menstrual irregularity, ovarian failure
and infertility increase with age at treatment. A Canadian
study of female childhood cancer survivors also showed
increased incidence of infertility and early menopause.[13]
Obesity has been reported in survivors of pediatric ALL,
the highest risk (in a study conducted in the USA) being
found in girls treated at 4 years of age or younger with
cranial irradiation at doses of greater than 20 Gy. [8]
Although growth hormone level was not measured in
our study, 5% of our survivors had not attained the
expected height for age and four of these had received
cranial irradiation, the other three may be explained due
to nutritional causes. Growth hormone deficiency, delayed
or precocious puberty and hypopituitarism can all occur
in childhood cancer survivors, hypothalamic dysfunction
South Asian Journal of Cancer ♦ January-March 2014 ♦ Volume 3 ♦ Issue 1

being the most common abnormality seen after cranial
irradiation.[9]
A study in North America of 118 ALL survivors treated
with 24 Gy cranial irradiation showed that 74% had
an impaired growth pattern due to growth hormone
deficiency.[10]
The seroconversion rates to hepatitis B and hepatitis C
infection were 26% and 25%, respectively, whereas in a
prospective study in the USA, the conversion rates were
16% and 3.2% respectively.[14] This high seroconversion
rate may be due to the long duration of follow‑up of
survivors and the fact that the patients had received
treatment and blood transfusion prior to the standard
3rd generation antibody testing. Currently, seroconversion
rates at our center are 6% for hepatitis B and 1.2% for
hepatitis C. This subset of survivors in our study will
require close monitoring, as they are at an increased risk
of developing cirrhosis and hepatocellular carcinoma. None
of these persons showed features of cirrhosis or portal
hypertension on sonography.
The 16% of survivors who had dental caries were given
a dental consultation and appropriate treatment. Salivary
gland irradiation incidental to treatment of head‑and‑neck
malignancies or Hodgkin lymphoma can cause qualitative
and quantitative changes in salivary flow that can result in
an increased incidence of dental caries.[15]
Hypothyroidism was seen in 4 of 23 subjects in whom it
was studied (17%). All had received radiation therapy to
63
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the head and neck. Subclinical hypothyroidism was seen
in an additional three. The incidence of thyroid dysfunction
depends on the dose of radiation, the length of follow‑up
and the biochemical criteria used to make the diagnosis.[16]
Only persons who had received radiotherapy to the brain
and head and neck region and who are susceptible to
hormonal dysfunction were screened for thyroid function.
Both the patients who developed a second cancer had
received irradiation and the second neoplasm developed
within or adjacent to the field of irradiation. In the St. Jude
study[17] also, irradiated survivors had a higher cumulative
incidence of second neoplasms than non‑irradiated survivors.
In a recent publication from the childhood cancer survivor
study, it was noted that the risk of developing a second
malignancy was significantly elevated following all childhood
cancers except central nervous system neoplasms and was
highest following neuroblastoma and soft‑tissue sarcoma.[18]
Three of the survivors had had a splenectomy, which increases
the risk of life‑threatening invasive bacterial infection.[19] In
our series, however, no severe or life‑threatening infections
were seen as all were appropriately vaccinated.
Two of the survivors who had had a retinoblastoma had
undergone enucleation. In survivors of retinoblastoma, a
small orbital volume can result from either enucleation or
radiation therapy. Being <1 year old at the time of treatment
can increase the risk, but this finding is not consistent across
studies. Better management of prosthetic implants and
newer methods of delivering radiation therapy are likely to
reduce the risk.[20] None of our survivors developed cataract,
although they have received external beam radiotherapy.

improve survival rates while reducing the incidence and
severity of treatment‑related late effects and to achieve
optimal QOL. Our study showed impaired reproductive
capacity to be the commonest long‑term sequela, with a
low incidence of obesity and good QOL. Future studies
should include more active recruitment of subjects, to
improve attendance at the ACT clinic, in the form of letters
and telephone contacts.
Monitoring for late effects helps oncologists and physicians
to make an early diagnosis and to intervene. It also helps
in the development of safer treatment modalities, thereby
improving the QOL of long‑term survivors. The information
provided by this ongoing study may allow clinicians to
better monitor childhood cancer survivors in countries with
limited resources.
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