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Background & objectives: With improved survival of childhood cancer patients, the number of longterm cancer survivors is increasing. Some studies have assessed the long-term morbidity after childhood
cancer treatment in the developing countries. This study was conducted to assess the spectrum of late
effects of cancer treatment in paediatric cancer survivors.
Methods: Evaluation of the first 300 patients who completed five years of follow up in the after treatment
completion clinic was done. Details of primary diagnosis, treatment received and current clinical status
were noted. The spectrum of late effects was ascertained by appropriate investigations.
Results: Haematological malignancies comprised 25 per cent of total cases. Most common primary
diagnosis comprised acute lymphoblastic leukaemia, retinoblastoma and Hodgkin’s lymphoma. The
median age at evaluation and follow up was 14 and 8.5 yr, respectively. Twenty three per cent (69) of the
survivors had a minimal disability (growth retardation or underweight), 13 per cent (39) had moderate
disabilities needing medical attention (hepatitis B surface antigen positive, myocardial dysfunction,
azoospermia and hypothyroidism), while two per cent had major/life-threatening disabilities
(mental retardation, liver disease and mortality). Eleven patients relapsed on follow up, of those five
patients expired. Two second malignancies were recorded during the period of follow up.
Interpretation & conclusions: Late effects were of concern; however, severe disability (Grade 3-5) was
seen in only two per cent survivors. Lifelong follow up of childhood cancer survivors is required to
assess cancer-related morbidity, occurrence of a secondary neoplasm, to facilitate timely diagnosis and
to implement remedial or preventive interventions to optimize health outcomes. Awareness towards the
existence of late effects of cancer therapy is required among parents, patients and health professionals.
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Advanced oncotherapy and better supportive care
have led to increased survival of childhood malignancy
patients over the past few decades. Over 80 per cent
children with cancer survive more than five years
from diagnosis in various centres and are cured of the
disease1-4. In India, cancer survival is similar to the

West only at tertiary care institutes. However, in other
centres, the five-year overall survival for all childhood
cancers combined was 37-40 per cent2. Better long-term
survival is also accompanied with late or long-term
effects of cancer treatment. It is believed that a third
to half of childhood cancer survivors will experience a
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late/long-term effect of cancer therapy, of which up to
half may be life-threatening5-7.

to conduct this study was taken from the Institutional
Ethics Committee.

The complications of cancer therapy range from
impaired growth and development, neurocognitive
and psychosocial deficits, cardiopulmonary problems,
endocrine organ dysfunction, gastrointestinal problems
and secondary malignancies8-11. The majority of
cancer survivors do not receive risk-based care. The
Childhood Cancer Survivor Study (CCSS) reported
88.8 per cent of survivors receiving medical care, but
only 31.5 per cent received cancer-focussed care6.

Evaluation: During evaluation, details of primary
disease and treatment received, cumulative doses
of various chemotherapies and radiation, and
details of remission/relapse were recorded. Details
of growth of these children were obtained from
anthropometric recording using Centers for Disease
Control (CDC) growth charts20. Growth was
monitored at periodic intervals varying from 3 to
12 months depending on the schedule of a visit to
the clinic which in turn depends on the duration of
the disease-free interval. Myocardial function was
assessed by conventional echocardiography in those
children who had been treated with anthracycline/
other cardiotoxic chemotherapy regimens/having
received chest radiotherapy (RT). The cumulative
dose of anthracyclines/other cardiotoxic drugs was
recorded. Pulmonary function assessment was done
by performing pulmonary function tests (PFTs) and
spirometry. This was done in children who received
chemotherapy that affected pulmonary function such
as bleomycin or radiation to neck/chest.

In studies from Central India8, scholastic problems
were seen in 43 per cent of childhood cancer survivors
(144/332); of them, 44 per cent (64/144) had received
cranial irradiation. Psychosocial difficulties were seen
in 57 per cent (188/332); of them, 32 per cent (60/188)
received cranial irradiation. Other small studies have
reported on nutritional problems, reproductive function,
psychosocial issues and metabolic abnormalities12-18. In
a study from south India19, male and female gonadal
dysfunctions were found to be the most common late
toxic effects. Oligospermia/azoospermia was seen in 89
per cent males and gonadal dysfunction, amenorrhoea
or oligomenorrhoea was seen in 78 per cent females.
All had received combination chemotherapy that
included alkylating agents.
Studies addressing the entire spectrum of late
effects and their impact on the health, social and
professional life of cancer survivors are not available,
particularly from developing countries. We report here
data from a cohort of 300 childhood cancer survivors
being followed in our Paediatric Cancer Survivor
Clinic (PCSC) in the department of Pediatrics, All India
Institute of Medical Sciences (AIIMS), New Delhi,
India.
Material & Methods
The Paediatric Cancer Survivor Clinic (PCSC)
of the department of Pediatrics, AIIMS is a weekly
clinic where all children who have completed their
treatment for the primary disease are followed. The
primary objective of this clinic is to follow the patients
for recurrence of primary disease, monitor growth,
development and sexual maturation, to identify
long/late effects of cancer treatment, and to follow
these children for the occurrence of a second neoplasm.
The data of survivors of paediatric cancers who
have been in remission for at least five years after
treatment completion, were analysed. Ethics clearance

For gonadal toxicity, history followed by
physical examination was done. Endocrine
assessment was done followed by investigations
(hormone assessment). Hearing assessment was done
by pure tone audiometry alone or in combination
with brainstem-evoked response assessment. Vision
testing was also done. Thyroid function was done
where indicated. Transfusion-related hazards were
assessed by evaluating viral markers. A detailed
psychosocial evaluation and intelligence quotient
(IQ) assessment were done for children who received
central nervous system (CNS)-directed therapy in the
form of chemotherapy/radiation. The IQ assessment
was done using Malin’s Intelligence Scale for Indian
Children (MISIC)21. This is an Indian adaptation of
the Wechsler Intelligence Scale for Children22. The
Stanford–Binet test23 measures verbal and performance
score based on basal and ceiling age. Child behaviour
checklist with 113 items (Youth Self-Report Profile
Boys & Girls) measures behavioural problems in
children24. The minimum cut-off scores are 54 and
57 in boys and girls, respectively. The areas tested
include features of withdrawal, somatic complaints,
anxiety and depression, social problems, thought
problems, attention problems, delinquent behaviour
and aggressive behaviour.
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Information on social adjustment into the home,
school and society were recorded. Information
regarding education and peer relationships was
acquired from all children and grades of disability
were ascertained. The disability score developed by the
National Cancer Institute25 was used: mild (Grade 1),
moderate (Grade 2, needing medical attention), severe
(Grade 3 affecting daily/professional life) (Grade 4
life-threatening) and disabling or fatal (Grade 5). These
children were followed for disease status and relapse if
occurred. Occurrence of second malignant neoplasms
(SMNs) was also noted.
Statistical analysis: Data were analyzed with SPSS
10.0 statistical package (SPSS, Chicago, Illinois, USA).
Continuous and interval-related data are presented
as the mean±SD, whereas categorical variables are
presented as frequency distribution and percentages.
Qualitative data were analyzed using the Chi-square
test or Student’s t test.

Table I. Demographic details of patients included in the study
Demographic details

Number of patients

Number of patients on follow up
ALL

66

AML (including APML)

9

Ewing sarcoma
HL (favourable, unfavourable)

The median age at evaluation was 14 yr and the
median follow up period was 8.5 years. All children
had completed more than five years follow up. The
longest follow up was 29 years. The male-to-female
ratio was 4.6:1. The most common primary diagnosis
was ALL.
Sixty nine patients (23%) had a Grade 1 disability
(growth impairment with height or weight less than
expected for age), 39 (13%) had Grade 2 disability
needing medical attention [majority due to hepatitis
B surface antigen (HBsAg) positivity], one had
Grade 3 (mental retardation) and one died of hepatic
failure and four expired from relapse (Grade 5).
Eleven patients had a relapse on follow up: of these,
five patients expired. Two second malignancies were
recorded (Hodgkin lymphoma in one child with a
primary diagnosis of retinoblastoma and acute myeloid

2
92 (30, 62)

LCH

19

NHL

5

RB

90

RMS

7

MISC

10

Treatment details
Chemotherapy alone
Radiotherapy plus chemotherapy
Median age at diagnosis

Results
The data were collected from 300 patients registered
in the PCSC who had completed five years of follow up
after treatment completion. The majority of the cancer
survivors had acute lymphoblastic leukaemia (ALL),
retinoblastoma and Hodgkin’s lymphoma (HD) as
the primary diagnosis (Table I). All 300 patients had
received chemotherapy. Of these, 72 patients received
RT. These included 60 ALL who received cranial RT,
four Hodgkin lymphoma (site=neck and mediastinum),
six retinoblastoma, one Ewing sarcoma, and one
rhabdomyosarcoma.

300

Types of malignancy

228
72
5 yr
IQR (3.7‑9.2)
14 yr
IQR (12.1‑14.4)

ALL, acute lymphocytic leukaemia; AML, acute myelocytic
leukaemia; APML, acute promyelocytic leukaemia;
NHL, non‑Hodgkin lymphoma; HL, Hodgkin lymphoma;
LCH, Langerhans cell histiocytosis; RB, retinoblastoma;
RMS, rhabdomyosarcoma; MISC, miscellaneous;
IQR, interquartile range

leukaemia in another with a primary diagnosis of
retinoblastoma) (Table II).
Organ-specific side effects (Table III)
Growth: Growth data were available in 300 patients,
of whom 26 per cent (n=78) had a height less than
the third centile for that age according to the standard
CDC growth charts. Height velocity was also assessed
in patients who had received RT. Data for 181 of the
228 patients who did not receive RT were available
for current height from the case records. Amongst
these, 20 per cent had their height less than the third
centile. Seventy two patients received RT and 26 per
cent patients had their height velocity less than the
third centile. The difference between those with and
without RT was not significantly different. Of the 298
patients who had their weight assessments 71 (24%)
had a weight less than the third centile. Three patients
were found to be obese.
Neuropsychological effects: A sequential group of 60
survivors of acute lymphocytic leukaemia underwent
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Table II. Data on adverse effects of therapy (general)
Details of adverse effects

Number of patients

Number of patients

300

Major adverse events after completion of treatment

16

Relapse

11

Expired

5

Grades of disability

n (%)

1 (minimal)

69 (23)

Short stature or low weight

2 (moderate, needing medical attention)

39 (13)

33 HBsAg positive, 3 cardiac dysfunctions,
1 azoospermia, 2 hypothyroid

3 (major, affecting daily or professional life)

1 (0.3)

1 (mental retardation)

4 (major life‑threatening) or 5 (mortality)

5 (1.7)

1 (liver disease), 4 (expired)

HBsAg, hepatitis B surface antigen

an IQ assessment and psychosocial assessment.
The age at evaluation was 11.7±4.9 yr; and age at
diagnosis was 6.3±3 years. Only one patient had
mental retardation. The child with mental retardation
was an ALL survivor who was diagnosed at 3.5 yr
of age and evaluated five years after therapy. He had
received prophylactic cranial radiation in addition to
intrathecal methotrexate. Behavioural abnormalities
were identified. All patients were poor in arithmetic
skills, memory and comprehension. Complaints
from school were frequent. Thirty children were
socially withdrawn, had somatic complaints such as
headache, had social problems and were found to be
anxious and depressed. Three children had deficits
in attention and tended to day dreaming with poor
school performance. Aggression was also noted in
these patients and they were found to be stubborn
with a tendency towards temper tantrums and
frequent fighting.
Endocrine function: The gonadal function was
assessed in 22 patients (HD =18, ALL=2, Langerhans
cell histiocytosis =1, yolk sac tumour=1). All those
tested were males who had either pubertal delay
or were contemplating marriage and had received
chemotherapy/radiation that could affect reproductive
function. The mean age was 13.7±4.3 years.
Follicle-stimulating hormone and luteinizing hormone
were high in nine patients. Five of them had low
testosterone suggestive of hypogonadism. All five had
received cyclophosphamide for Hodgkin’s lymphoma.
Azoospermia was seen in one of the two tested. This
patient had Hodgkin’s lymphoma and was treated with
MOPP (mechlorethamine, vincristine, procarbazine,
and prednisone) regimen.

Thyroid function was assessed in 110 patients.
Hypothyroidism (high thyroid-stimulating hormone
with normal T4/T3) was seen in only two (1.8%)
patients, indicative of subclinical hypothyroidism.
Hepatic function: Of the 300 patients, six had raised
liver enzymes and one patient died of liver failure.
A total of 110 patients received some form of blood
component therapy, and of these, 41 patients were
tested for hepatitis B antigen and 22 were found to be
positive. Among patients with no history of transfusion,
69 patients were tested for hepatitis B antigen and only
11 were found to be positive. The presence of HBsAg
positivity was significantly associated (P<0.001) with
blood transfusion.
Cardiac evaluation: No patient had symptomatic
heart failure on follow up. Myocardial function was
assessed in 72 patients treated with anthracyclinebased regimens (cumulative anthracycline dose was
195.5±52 mg/m2). Three patients, all males were
found to have mild myocardial dysfunction which was
asymptomatic. Median age was 8.5 yr (7-11 yr). They
had no other cause for left ventricular dysfunction
(valvular heart disease/hypertension).
Second malignant neoplasm (SMN): Of the
300 patients, SMN was seen in two patients; one patient
had retinoblastoma and developed Hodgkin lymphoma
and the other child was a known case of retinoblastoma
and he developed acute myeloid leukaemia after five
years of treatment completion.
Pulmonary function testing (PFT): PFT was done
in Hodgkin lymphoma survivors (n=92) at the
completion of therapy and yearly intervals thereof
(all of whom had an exposure to bleomycin) and a
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Table III. Adverse effects of therapy, organ specific

Neurocognitive changes: Detailed psychological assessment
of a sample of patients of ALL to assess proportion of
problems (n=60)
Age (yr)

11.7±4.9

Age at diagnosis (yr)

6.3±3

Intelligence
Mental retardation

1

Borderline IQ

27

Dull normal IQ

14

Normal IQ

18

Attention deficits/poor
school performance

3

Social problems, anxiety,
withdrawn

30

Cardiac evaluation
Cumulative anthracycline
dose (mg/m2)

195.5±52 (116‑300)

Symptomatic heart failure
on clinical evaluation

0

Asymptomatic impaired
systolic function

3 (of 72 screened)

Ejection fraction (%)

45±1

Average anthracycline
dose in those with cardiac
dysfunction (mg/m2)

164±19

Hepatic evaluation
HBsAg positive

33 (out of 110 tested)

Raised liver enzymes

6

Mortality

1

Relationship to blood
transfusion

33

Given blood transfusion
(n=41)

HBsAg positive 54% (n=22)*

No blood transfusion (n=69)

HBsAg positive 16% (n=11)

P<0.05 for blood transfusion versus no blood transfusion.
ALL, acute lymphoblastic leukaemia; HBsAg, hepatitis B
surface antigen; IQ, intelligence quotient
*

restrictive pattern was observed in six per cent (n=6)
patients.
Discussion
This study provided data of 300 childhood cancer
survivors. Haematological malignancies comprised
almost 25 per cent of cases. The proportion of
haematolymphoid malignancy to other childhood
cancer was 172:128. The male-to-female ratio observed
in our study was 4.4:1. The proportion of similar

malignancies in another Indian study was 326:2998 with
a male:female ratio of 2.7:1 (457:168). Two hundred
and twenty eight patients received chemotherapy alone
while 72 received chemotherapy and radiotherapy.
Twenty three per cent of the survivors had a
minimal disability (growth retardation or underweight),
13 per cent had moderate disabilities needing medical
attention while two per cent had major/life-threatening
disabilities. This was similar to the Swiss Pediatric
Oncology Group (SPOG) data with 16.5 per cent
having a moderate or more disability11. It was less
than another European series where 42.4 per cent
had moderate or more disability, but this study had a
much longer follow up of about 30 yr after diagnosis4
(Table IV).
Radiation was not associated with significant
hypothyroidism
in
our
study.
Subclinical
hypothyroidism was seen in only 1.8 per cent patients
and none of them received RT. About 50 per cent
of patients in the Tata Memorial hospital study8 had
hypothyroidism. In the SPOG study11, hypothyroidism
was seen in 0.7 per cent. Subclinical hypothyroid in the
general population in Indian children in this age group
is less than two per cent26.
Long-term
hepatotoxic
effects
following
chemotherapy are not common27,28. Viral infections
such as hepatitis A virus, HBV and Cytomegalovirus
may be acquired during the treatment for cancer either
due to immunosuppression or related to transfusions
which may lead to chronic active hepatitis, fibrosis and
cirrhosis. These patients may have an increased risk of
developing hepatocellular carcinoma. Certain drugs
such as methotrexate, actinomycin D, 6 mercaptopurine
and thioguanine are also implicated as causes for
chronic liver disease 27,28.
The cumulative risk for SMNs at 20 yr posttreatment varies from 3-10 per cent and is 3-20 times
greater when compared with the general population. In
our study, two patients developed a second neoplasm.
SMNs were seen in 1.9 per cent paediatric cancers
in another Indian study8. Similar results were seen in
other studies that showed SMNs in 0.7 and 2.38 per
cent patients, respectively2,6. In a study by Hijiya et al10,
2169 patients with ALL treated for a period of 36 yr were
evaluated for the occurrence of secondary neoplasms.
The cumulative incidence of secondary neoplasms was
4.17 per cent at 15 yr and increased substantially after
20 yr reaching 10.85 per cent at 30 yr. Lifelong follow
up of childhood cancer survivors is needed to ascertain
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Table IV. Comparative table showing various series of cancer survivors
Variables

Number of patients

Indian data

SPOG11

CCSS6

Tata Memorial Hospital,
Mumbai8

AIIMS,
New Delhi
(current series)

Sri Ram19
Chandra Medical
College, Chennai

625

300

155

140

10,397

52 (haemato‑lymphoid)

22

33

100

34

31

35

13

Predominant diseases (%)
Leukaemias (ALL)
HL
NHL

5

14

8

48 (solid tumours)

30

1

‑

14

16

45

2.7:1

4.4:1

3:1

1.2:1

Median age at diagnosis (yr)

6.5

5
IQR (3.7‑9.2)

2‑9 (disease
specific)

‑

‑

Median time since diagnosis (yr)

12

9
IQR (7.0‑9.3)

24

‑

‑

12 (2‑29)

8.5 (longest
followup is 29 yr)
IQR (6.7‑11)

Eight years
(3‑37 yr)

Cranial RT (%)

29

24

‑

23

27.4

Relapse (n)

10

10

‑

‑

‑

Second malignant neoplasm (n)

11

2

2

0.70%

2.38%

Death

14

5

‑

‑

‑

Abnormal LV function from those
evaluated (n=72) (%)

16

4

2 (1.3)

2

1.24

74/151

2/112

4/23 (16%)

0.70%

‑

HbsAg screened (%)

84

36

100

‑

‑

HbsAg positive from those
screened (n=110) (%)

20

30

26.4

‑

‑

Growth retardation (%)

16

23

4.5

4.62

‑

Scholastic problems 43
Psychosocial problems 57
School dropouts 13

‑

15

‑

0.65

No disability (%)

‑

64

High quality of
life 60%

43.6

37.40

Minimal (%)

‑

23

Average quality
of life 30%

40.0

18.60

Moderate (%)

‑

13

‑

13.6

15.70

Severe/life‑threatening (%)

‑

2

‑

2.9

28.40

Retinoblastoma
Others
Male:female

Duration of follow up (yr)

Hypothyroidism

Cognitive dysfunction severe (%)

Pulmonary function tests (%)
Fertility impairments

6.0‑31.0

25

6

‑

‑

‑

‑

Azoospermia was
seen in 1 survivor

24.5%

‑

‑

SPOG, Swiss Pediatric Oncology Group; CCSS, Childhood Cancer Survivor Study; IQR, interquartile range;
LV, left ventricular; HBsAg, hepatitis B surface antigen; RT, radiotherapy; NHL, non‑Hodgkin’s lymphoma;
ALL, acute lymphoblastic leukaemia
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the full impact of treatment and other related factors on
the occurrence of a second neoplasm.
Neurocognitive late effects are commonly seen
in cancers that require CNS-directed therapies such
as cranial irradiation or intrathecal or systemic
chemotherapy29. Children with CNS tumours,
ALL and head and neck sarcomas are particularly
vulnerable. Observed deficits include deficits in
general intelligence, age appropriate developmental
progress, academic achievement, visual and perceptual
motor skills, memory, language and attention. In the
SPOG11 study, the mean global, verbal and non-verbal
IQs as a group were comparable with those found in
the general population. The results of the comparison
between children having and those not having received
prophylactic cranial irradiation showed significantly
higher scores in chemotherapy-only treated patients
both for global and verbal performances6. In our
study, 60 patients underwent a detailed cognitive and
psychosocial evaluation. Global IQ was well preserved.
Only one child had mental retardation. All patients were
poor in arithmetic skills, memory and comprehension.
In the study by Kurkure et al8, scholastic problems
were seen in 43 per cent of childhood cancer survivors;
of these, 44 per cent had received cranial irradiation.
Psychosocial difficulties were seen in 57 per cent. Of
these, 32 per cent received cranial irradiation.
In a study from south India19, male and female
gonadal dysfunctions were seen as the common
late toxic effects. Oligospermia/azoospermia was
seen in 89 per cent males, and gonadal dysfunction,
amenorrhea or oligomenorrhoea were seen in
78 per cent females. All had received combination
chemotherapy that included alkylating agents. Dental
abnormalities (caries) were seen in 16 per cent
survivors. Salivary gland irradiation leading to
qualitative/quantitative changes in the salivary flow
was a possible cause for dental caries which was
given as treatment for head and neck tumours or
Hodgkin lymphoma19.
Short period of follow up was the major limitation
of our study. More adult survivors of childhood
cancer with longer periods of follow up will reflect
the spectrum of late effects and second neoplasm in
a meaningful way. Further, this was a retrospective
analysis where the data were limited and all late effects
might not have been covered. Chemotherapy and RT
protocols for various cancers have changed over the
time.

Long-term morbidity in childhood cancer survivors
is an emerging concern: the challenge being to improve
survival while reducing the incidence and severity
of treatment-related late/long effects. Our study
showed that the late effects occurred were of concern;
however, severe disability (grade 3-5) was seen in
only two per cent survivors. Mild growth retardation
was seen in almost one-fourth and about 13 per cent
needed some medical attention for other problems
such as HBsAg positivity. Most of the late effects
could be tackled, and the quality of life of childhood
cancer survivors was optimum. Awareness towards the
existence of late effects of cancer therapy is required
among parents, patients and health professionals.
Lifelong follow up of childhood cancer survivors
is recommended to define accurately cancer-related
morbidity, to facilitate timely diagnosis of secondary
disease and to implement remedial or preventive
interventions that optimize health outcomes.
Conflicts of Interest: None.
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