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ABSTRACT 

Background: Childhood cancer survivors may face growth impairment due to late 

effects of childhood cancer therapies. Present study was aimed to study the impact of 

various modalities of treatment on growth of children with malignancy.  

Material and Methods: Present study was Prospective observational hospital-based 

study, conducted in children between age group 1-18 years, diagnosed with 

Haematological malignancy or any solid tumour and are on treatment/follow-up in 

Pediatric hematoncology unit, at least on 4 occasions (4-6 months apart).  

Results: Out of 45 children, 30 (66.7%) were boys, mean age of the children enrolled 

was 5.4 ± 3.684 years. 29 (64.4%) had Leukaemia, 31 (68.8%) received only 

chemotherapy, 12 (26.6%) received surgery and chemotherapy, 10 received 

radiotherapy and chemotherapy (22.2%) and 8 (17.8%) of them received all 3 modes of 

treatment. Among 29 children with leukaemia, there was significant weight gain as well 

as increase in height at each follow up compared to baseline.  There was no statistically 

significant gain in weight or height in children with lymphoma at all 3 follow ups. In 

children with solid organ tumor significant weight gain is observed at each follow up 

compared with baseline weight which was taken at initiation of chemotherapy. 

Significant gain in height & weight at each follow up was observed among all 31 

children who received only chemotherapy, there was gain in weight & height observed 

in all children who received both chemotherapy and underwent surgery.  No significant 

weight gain but a significant gain in height in all 13 children who received both 

chemotherapy and radiotherapy.  

Conclusion: Weight is more affected in children who received radiotherapy along with 

chemotherapy and in children who received all 3 modes of treatment that is 

chemotherapy, radiotherapy and underwent surgery for excision of tumour when 

compared with children who received chemotherapy alone. 
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INTRODUCTION 

Malignancy is a group of disorder characterized by abnormal cell proliferation with the 

potential to spread and invade the other body organs. In India, as per the National Cancer 
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Registry programme report for the year 2013, the incidence of childhood cancer in the age 

group 0-14 years, ranges from 18.6 to 159.6 per million populations for boys and 11.3 to 

112.4 per million populations for girls with leukaemia being the most common type of 

malignancy
1
. The 5-year survival rate in children with malignancy has improved from 58% in 

the 1970s to about 84%
2
.  

Although the survival rate is multifactorial and varies with the underlying malignant 

condition, this rise in surviving rate can be attributed to the recent advances and protocolized 

treatment. Cancer treatment mainly chemotherapy and radiotherapy can cause various late 

effects. The quality of life of childhood cancer survivors may be impaired by these late 

effects
3
. One of the possible late effects of childhood cancer therapies is growth impairment

4
.  

Final growth in these children is influenced by various treatment modalities, through three 

major pathways. Factors that may attenuate growth include the disease itself, chemotherapy, 

cranial irradiation leading to growth hormone deficiency, use of corticosteroids, infection and 

poornutrition
5
 Since our centre has well established Hemato oncology unit where we follow 

various modalities of protocolized management including chemotherapy, radiotherapy and 

surgical excision of tumours we aimed to study the impact of various modalities of treatment 

on growth of children with malignancy. 

  

MATERIAL AND METHODS  
Present study was Prospective observational hospital-based study, conducted in Pediatric 

Hemato-Oncology Unit of a tertiary care hospital, Pune, India. Study duration was of 2 years 

(1
st
November 2019 to 31

st
October 2021). Study approval was obtained from institutional 

ethical committee.  

Inclusion criteria 

 All Children between age group 1-18 years, diagnosed with Haematological malignancy 

or any solid tumour and are on treatment/follow-up in Pediatric hematoncology unit, at 

least on 4 occasions (4-6 months apart), parents willing to participate in present study 

Exclusion criteria 

 Patients with syndromic features or with previous endocrine disorder 

 Patient taking treatment at other centres 

 Patient lost to follow up for more than thrice during study period 

Study was explained to parents in local language & written consent was taken for 

participation & study. Demographic & clinical details (gender, Age at initiation of treatment, 

type of malignancy, treatment protocol, use of corticosteroids) were noted. Weight, 

Length/height and BMI at initiation of treatment, and Weight, Length/height and BMI (body 

mass index) or three follow ups in OPD and Hemato-oncology ward 4 months apart.  

Weight was measured using a Zeal pvt. ltd electronic weighing scale with minimum 

measurable weight of 10 grams. Recumbent length was measured in children less than 2 

years of age using the Shreya’s infantometer with minimum measurable length of 0.1 cm. 

Length in children > 2 years was measured using wall mounted Harpenden Stadiometer with 

lowest measurable length of 0.1cm. Body mass index was calculated using formula WEIGHT 

(Kg)/ [HEIGHT (m)
2
]. 

All Statistical analysis was done by using SPSS Software with version 25.0. Continuous 

variables results were shown by descriptive statistics and categorical variables results were 

demonstrated by frequency and percentages. Repeated measure of ANOVA test and pair wise 

Bonferroni tests were used for continuous variables which follow normal distribution, to test 

the overall mean difference and significant pairwise mean difference of height, weight , BMI 

at baseline, followup-1, followup-2, followup-3. Throughout results, 5% level of significance 

was used. All the results were shown with 95% confidence. P-value <0.05 was considered as 

significant 
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RESULTS 

45 children having malignancy were assessed for their growth parameters. Of these 45 

children, 30 (66.7%) were boys, and 15 (33.3%) were girls. The age of children enrolled in 

the study ranged from 1 year to 18 years. The mean age of the children enrolled was 5.4 ± 

3.684 years. 29 (64.4%) had Leukaemia, 3 of them had lymphoma (6.7% ) and 13(28.9%) of 

them had other malignancies such as Neuroblastoma, Retinoblastoma, Wilms’s tumour, 

Germ cell tumour. 

31 (68.8%) received only chemotherapy, 12 (26.6%) received surgery and chemotherapy, 10 

received radiotherapy and chemotherapy (22.2%) and 8 (17.8%) of them received all 3 modes 

of treatment that is chemotherapy, surgery and radiotherapy. 

Table 1: General characteristics  

Characteristics  Children with 

malignancy 

Percentages 

(%) 

Gender   

Male 30 66.70% 

Female 15 33.30% 

Age (years)    

<5 25 55.6 

5-10 14 31.1 

≥ 10 6 13.3 

Type of malignancy   

Leukaemia 29 64.4 

Lymphoma 3 6.7 

Solid Organ Tumours 13 28.9 

Mode of treatment   

Only Chemotherapy 31 68.8 

Chemotherapy and surgery 12 26.6 

Chemotherapy and radiotherapy 10 22.2 

All 3 modes 8 17.8 

Radiation – Region (n=10)   

Head and neck 3 30 

Radiation in other region other than in head and neck 7 70 

 

Among 29 children with leukaemia, there was significant weight gain in all of them 

compared to baseline weight which was taken at initiation of chemotherapy. There is 

significant increase in height at each follow up compared to baseline height which was taken 

at initiation of chemotherapy 

Table 2: Overall Weight & height pattern in children with Leukaemia (n=29) 

 Mean ± SD (Weight in kgs) Mean ± SD (Height in cms) 

Baseline  17.79 ± 10.91 106.98 ± 23.25 

Follow- up 1  18.21 ± 9.48 109.64 ± 22.62 

Follow- up 2 20.01 ± 10.70 112.57 ± 22.22 

Follow- up 3 21.69 ± 11.33 115.47 ± 21.85 

P value <0.001 <0.001 

 

There was no statistically significant gain in weight in children with lymphoma at all 3 follow 

ups when compared with baseline weight. In all 3 children no significant gain in height from 

base line was observed at all 3 follow ups 
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Table 3: Overall Weight & height pattern in children with Lymphoma (n=3) 

 Mean ± SD (Weight in kgs) Mean ± SD (Height in cms) 

Baseline  26.60 ± 8.34 128.67 ± 14.50 

Follow- up 1  26.27 ± 8.72 130.00 ± 14.53 

Follow- up 2 29.30 ± 8.71 131.00 ± 14.53 

Follow- up 3 30.00 ± 9.85 132.33 ± 13.58 

P value >0.05 0.99 

 

In children with solid organ tumours (Wilms tumour, retinoblastoma, neuroblastoma, Germ 

cell tumour) significant weight gain is observed at each follow up compared with baseline 

weight which was taken at initiation of chemotherapy. 

Table 4: Overall Weight & height pattern in children with Solid Organ Tumours (n=13) 

 Mean ± SD (Weight in 

kgs) 

Mean ± SD (Height in 

cms) 

Baseline  14.18 ± 9.45 98.12 ± 22.99 

Follow- up 1  14.45 ± 7.79 100.31 ± 23.03 

Follow- up 2 15.54 ± 9.12 102.83 ± 22.39 

Follow- up 3 16.37 ± 8.48 104.77 ± 21.75 

P value <0.001 <0.001 

 

Significant gain in height at each follow up was observed when compared with baseline 

height taken at initiation of chemotherapy and also significant gain in height at each follow 

up is observed when compared to height at previous follow up among all 31 children who 

received only chemotherapy 

Table 5: Overall Weight & height pattern in children who received only chemotherapy 

(n=31) 

 Mean ± SD (Weight in 

kgs) 

Mean ± SD (Height in 

cms) 

Baseline  18.28 ± 10.99 108.04 ± 23.42 

Follow- up 1  18.35 ± 9.50 110.29 ± 22.74 

Follow- up 2 20.30 ± 10.62 113.00 ± 22.19 

Follow- up 3 21.74 ± 11.13 115.76 ± 21.70 

P value <0.001 <0.001 

 

Overall there was gain in weight in all 12 children who received chemotherapy plus surgery 

as a part of treatment, but there was no significant gain when weight was compared between 

each follow up. There was a significant gain in height observed in all children who received 

both chemotherapy and underwent surgery 

Table 6: Overall Weight & height pattern in children received chemotherapy & surgery 

(n=12) 

 Mean ± SD (Weight in 

kgs) 

Mean ± SD (Height in 

cms) 

Baseline  14.36 ± 9.84 98.54 ± 23.96 

Follow- up 1  14.58 ± 8.12 100.67 ± 24.01 

Follow- up 2 15.67 ± 9.51 103.23 ± 23.34 

Follow- up 3 16.33 ± 8.86 105.17 ± 22.67 

P value 0.04 <0.001 

 

No significant weight gain is observed is all 13 children who received both radiotherapy and 



European Journal of Molecular & Clinical Medicine 

ISSN 2515-8260 Volume 09, Issue 07, 2022 
 

4047 

chemotherapy. There was significant gain in height in all 13 children who received both 

chemotherapy and radiotherapy 

Table 7: Overall Weight & height pattern in children received chemotherapy & 

Radiotherapy (n=13) 

 Mean ± SD (Weight in 

kgs) 

Mean ± SD (Height in 

cms) 

Baseline  13.06 ± 5.49 95.95 ± 16.30 

Follow- up 1  14.73 ± 6.50 99.15 ± 17.25 

Follow- up 2 14.91 ± 7.77 101.80 ± 17.56 

Follow- up 3 16.39 ± 8.86 104.30 ± 17.49 

P value >0.05 <0.001 

 

DISCUSSION 

Outcomes for childhood cancer have shown remarkable and steady improvement due to 

evolution of protocolized treatment.
6
 Survival rate in children with malignancy is 

multifactorial and it varies depending on various factors like age at diagnosis, underlying 

malignancy, associated risk factors. Treatment of malignancy using cytotoxic 

chemotherapeutic agents and radiation on the other hand, might have a variety of long-term 

consequences
7 

of which the most common complications include endocrine, cardiac, 

musculoskeletal and pulmonary complications, as well as treatment-related secondary 

neoplasms.
8
 

This study was undertaken to evaluate anthropometry in children treated for malignancy both 

haematological and solid organ tumours to look for the effect of malignancy and various 

modalities of treatment on growth.  

Kumar et al.,
9
 included age group 2–12 years with mean age at diagnosis was 5.0 years. 

Ahmed et al.,
10 

included age group of 1-14 years with mean age at diagnosis 4.4 years. 

Clayton et al.,
11 

included children between 0-10 years. Hokken-Koelega
 
et al.,

12
 included age 

group of 1-14 years with mean age at diagnosis 4.8years. In the present study mean age at 

diagnosis was 5.4 years (1year - 18 years), Male predominance was reported by Kumar et 

al.,
9 

and Clayton et al.,
11

. Similarly our study showed higher incidence of malignancy among 

males. 

ALL being most common malignancy even in our study (64.4%) followed by solid organ 

tumours (28.9%) and then lymphoma (6.7%) In our study out of 45 children all 45 (100%) of 

them received chemotherapy, 31of them received only chemotherapy(68.8%), 10 received 

radiotherapy and chemotherapy (22.2%),12 (26.7%) received surgery and chemotherapy and 

8 (17.8%) of them received all 3 modes of treatment that is chemotherapy, surgery and 

radiotherapy. 

Study conducted by Kumar et al.,
9 

all children enrolled in study received treatment as per 

UKALL X protocol which is comprised of chemotherapy along with prophylactic cranial 

radiotherapy. In Ahmed et al.,
10 

treatment was as per UKALL XI, CNS-directed therapy is 

delivered in form of repeated intrathecal methotrexate with or without high- dose intravenous 

MTX. In Clayton et al.,
11 

treatment schedule used was UKALL-VIII protocol which includes 

early prophylaxis against CNS leukemia and long term maintenance therapy. Hokken-

Koelega et al.,
12 

used CNS prophylactic treatment for ALL with either 25-Gy cranial 

irradiation or moderate dose IV methotrexate. 

Study done by Kumar et al.,
9 

showed that growth of children was affected especially height 

during intensive phase, despite catch up growth children remained smaller than norms for 

age. BMI has increased consistently with delayed attainment of peak of height and weight 

velocity. In study conducted by Ahmed et al.,
10 

UKALLXI chemotherapy for ALL in 

childhood does adversely affect growth, but there is evidence of recovery occurring before 
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the completion of treatment 

In study by Hokken-Koelega et al.,
12 

Chemotherapy has only a temporary effect on growth 

that it inhibits catch up growth during its administration. In children that present with ALL at 

an early age, neither the disease nor its treatment, including 25- Gy cranial irradiation, seems 

to affect the onset of puberty, but final height was found to be less than normal norms.
13

 

Knijnenberg et al.,
14 

found that almost all cancer survivors enrolled in study had a normal 

height SDS at cancer diagnosis, however at follow up in adulthood 8.9% had a height<2 

SDS. Children treated with high dose radiotherapy showed significant reduction in final 

height SDS and those who were treated with total body irradiation and craniospinal 

irradiation had the greatest loss in height. Younger the age at diagnosis more the height was 

affected 

Our study showed findings similar to Kumar et al.,
9 

that in children with leukaemia growth 

(weight >height) is significantly affected during intensive phase of chemotherapy but catch 

up growth was noticed at subsequent follow ups when compared with baseline values which 

were taken at initiation of treatment. 

Head and neck radiation was received by 3 kids among which two were with retinoblastoma 

and one was with leukaemia with CNS involvement . Growth was affected in all 3 of them 

This finding was similar to findings of Kumar et al.,
9 

in which all the enrolled children 

received cranial radiation therapy, deceleration of growth especially height was seen 

throughout the therapy with maximum effect seen in first 6 months. This is because, cranial 

radiation therapy has effect on growth hormone regulation with growth hormone deficiency 

being the most common endocrine problem after cranial radiation therapy.
15

 

Among 6 children who were aged >10 years (3 boys and 3 girls) delayed puberty was seen in 

one girl with leukaemia who was diagnosed at 11 years of age. In study by Hokken-Koelega 

et al.,
12 

it was observed that in children that present with ALL at an early age, neither the 

disease nor its treatment including cranial irradiation seems to affect the onset of puberty, 

conversely late presentation of ALL followed by its treatment will probably lead to delay in 

pubertal development.
16

 

Limitations of present study were single-centre study, study period was of 2 years only, long 

term effect of chemotherapy and radiation therapy on growth mainly final height in adulthood 

could not be evaluated. As our study included only 6 children above 10 years of age effect of 

chemotherapy and radiation therapy on onset of puberty is not conclusive. 

 

CONCLUSION  
Chemotherapy is either the mainstay of treatment for almost all cancers (leukaemia and 

lymphoma) or adjuvant in some types of malignancy, with surgery and radiation therapy 

being part of treatment for most of solid organ tumours (retinoblastoma, neuroblastoma, 

Wilms tumour, Germ cell tumour). Weight is more affected in children who received 

radiotherapy along with chemotherapy and in children who received all 3 modes of treatment 

that is chemotherapy, radiotherapy and underwent surgery for excision of tumor when 

compared with children who received chemotherapy alone. 
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