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ReviewArticle

I
INTRODUCTION

 ntensity modulated radiation therapy (IMRT) 
 is one of the advanced radiation therapy (RT) 
 techniques that allows modulation of beam 
intensity within treatment fields for highly confor-
mal RT delivery. The steep dose gradient in IMRT
provide superiority in terms of target coverage, con-
formity and minimizing dose to organs at risk. 
However, there are concerns that risk of secondary 
malignancies may be increased by IMRT. This 
article provides an overview of radiation- induced 
secondary malignancies and IMRT outcomes in 
some pediatric cancers to encourage the use of 
advanced RT technique in children with aware-
ness of its risk.
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ABSTRACT

 Intensity modulated radiation therapy (IMRT) allows modulation of beam intensity within treatment 
fields for  conformal RT providing superiority in terms of target coverage, conformity and minimizing dose to 
organs at risk. Although the risk of secondary malignancies may be increased by IMRT, the outcome in pediatric 
cancers such as neuroblastoma, rhabdomyosarcoma and medulloblastoma have been reported with acceptable 
local control and toxicities.
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  In general, secondary malignancies can be 
induced by RT in long-term survivors from cancer. 
Brenner et al reported data from National Cancer 
Institute’s Surveillance, Epidemiology and End 
Results (SEER) Program. The absolute risk of 
secondary malignancies caused by RT is 1.4% 
for patients surviving more than 10 years.1

  Radiation-induced carcinomas are observed 
in the lining cells of the body and in tissues remote 
from the radiation field that received lower doses. 
Carcinogenic risk seems to be highest for dose less 
than 6 Gy. However, radiation-induced sarcoma 
developed in tissues receiving higher doses in or 
close to the radiation fields. Therefore, sarcoma 
has not been found in atomic bomb survivors who 
receive less radiation dose.2,3

  For children, several reasons should be 
aware in radiation-induced secondary malignan-
cies which includes:
  1. Variation in lifetime risk of radiation-
induced cancer is a function of age. The average 
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risk is 4% per Sv of radiation-induced cancer 
which is found for all ages with almost 15% per  
Sv for a young female and 1% per Sv for age 60 
age years and older.
  2. Radiation scattered from treatment  
volume of RT in adults and children is the same, 
but is more significant in children due to smaller 
size of body.
  3. Several pediatric cancers involve germ-
line mutation which may increase sensitivity for 
radiation –induced cancer.
IMRT may increase incidence of second malig-
nancies in the patients who received this advanced 
technique because of 2 reasons.
  1. IMRT spreads out a lower radiation dose 
to a larger volume of normal tissues which is a 
carcinogenic radiation dose.
  2. IMRT requires more monitor units for 
modulated field. The increase in monitor units 
results in greater head scatter in a linear accelera-
tor leading to greater entire body dose.
  Kry et al reported 3.5-4.9 times of monitor 
units to deliver by IMRT compared to conven-
tional RT in prostate cancer. The maximum risk 
of fatal second malignancy was 1.7, 2.2 and 5.1% 
for conventional RT, IMRT using 10 Megavoltage 
and IMRT using 18 Megavoltage respectively.4

  Currently IMRT for pediatric cancers have 
been used in many diseases. The outcomes  in-
neuroblastoma, rhabdomyosarcoma and medul-
loblastoma have been shown due to ability to spare 
critical organs to reduce late treatment effects.

Neuroblastoma
  Neuroblastoma (NB) comprises of 8-10% 
of all pediatric neoplasms. Standard treatment 
includes intensive chemotherapy and aggressive 
surgery. RT to primary site has been used for 
consolidation therapy in high risk patients. Local 
failure is still significant with 16-33% rate for this 
group of NB.
  The kidney and spine are important dose-
limiting organs for abdominal RT in NB. IMRT 
is used to increase dose gradient between these 
structures and target tissue. Currently, dose 21-24 
Gray (Gy) is required to treat microscopic disease 
while maximum 14.4 Gy is limited to ipsilateral 
kidney in high risk NB. Additionally, cisplatin 

which is used in NB also is a nephrotoxic agent.
A study by Pai Panandiker et al showed no locore-
gional failure in high risk NB patients treated by 
IMRT 23.4-36 Gy. The 2- year event-free survival 
was 58.5%. The mean follow up time of 2.2 years 
was not sufficient for late effects.5

  Paulino et al compared 3 RT techniques 
for high risk abdominal NB between paralle-     
lopposed anteroposterior fields and 2 different 
IMRT. The result showed that IMRT lowered 
mean dose 10-15% to bilateral kidneys in the 
patients with midline tumors, but increased mean 
dose to contralateral kidney in the patients with 
lateralized tumor. Additionally, IMRT  delivered 
higher mean dose to spleen, liver and stomach 
over conventional RT.6 For spine, IMRT with 
inclusion of adjacent spines in CTV showed more 
dose homogeneity to vertebral bodies compared to 
without inclusion of spine in CTV. No long term 
skeletal side effects or secondary malignancies 
were observed in this report.

Rhabdomyosarcoma
  Rhabdomyosarcoma (RB) arises from 
skeletal muscle which is found in several sites 
such as head and neck region, genitourinaty tract, 
trunk and extremities. Important prognostic fac-
tors include histologic subtype and primary tumor 
sites. Standard treatment is chemotherapy with 
RT and/or surgery. The recommended RT dose 
is in the range of 36-50.4 Gy with 80-95% 5-year 

Fig 1. Shows an example of IMRT plan for isodose 
distribution in a patient with neuroblastoma following 
chemotherapy and surgery
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locoregional control in the International Rhabdo-
myosarcoma Study (IRS) IV which depends 
on sites. Parameningeal head and neck region, 
including nasopharynx, nasal cavity, paranasal-
sinuses, middle ear or mastoid, pterygopalatine 
or infratemporal fossa and parapharyngeal space 
are subsites with poor prognosis. This is due to 
risk of intracranial extension and cranial nerve 
involvement.
  Lin et al reported result of Children Onco-
logy Group (COG) D9803, the first comparative 
study between IMRT and 3DCRT in intermediate 
risk rhabdomyosarcoma. There were no differ-
ences in 5-year locoregional control and failure 
– free survival between the 2 RT techniques. The 
coverage of IMRT planning treatment volume 
was significantly greater for IMRT than 3DCRT 
patients. There was no significant difference in 
volumetric data receiving 5, 10 and 20 Gy (V5,V10
and V20 respectively) for brain, optic chiasm and 
pituitary gland in all head and neck sites between 
the 2 techniques. For median follow-up time 5.7 
and 4.2 years for 3DCRT and IMRT respectively, 
no significant difference in secondary malignan-
cies developed.7

  Yang et al reported result of IMRT and chemo-
therapy in parameningeal RB which is subsites 
with early recurrence and poor prognosis. IMRT 
using a dose-painting technique has been shown 
to produce superior sparing of critical organs com-
pared with sequential IMRT with more conformal 
dose distributions. The 5-year local failure-free 
survival in 47 patients was 86%. Age, histology 
and time to RT did not affect local failure risk. 
The 5- year central nervous system failure –free 
survival was 85%.8,9

Medulloblastoma
  Medulloblastoma is the most common 
malignant tumor of central nervous system in 
children. Standard treatment consists of surgical 
resection followed by RT and chemotherapy. RT 
to entire neuraxis is indicated in medulloblastoma 
with several long-term effects such as neurocogni-
tive deficit, hearing impairment and endocrine 
dysfunction. Craniospinal irradiation (CSI) has 
evolved to improve outcome and decrease these 
toxicities in this challenging RT technique.

  Parker et al reported the superiority of 
PTV coverage, dose homogeneity and organ risk 
sparing by IMRT in medulloblastoma compared 
to standard 2DCRT and 3DCRT techniques. The 
integral dose for IMRT and 3DCRT techniques 
were quite similar.10

  Kusters et al also reported better target 
coverage, homogenous dose distribution in junc-
tion and better normal tissue sparing in CSI by 
daily intrafractionally modulated junction IMRT 
compared with 3DCRT in 5 medulloblastoma 
patients.11

  Ototoxicity in medulloblastoma is a signi-
ficant complication caused by combination of 
cisplatin and RT. RT technique to limit cochlea dose
has been developed. Although the exact mecha-
nism of synergistic effect remain speculative, 
posterior fossa boost by IMRT showed lower inci-
dence of grade 3 or 4 hearing loss compared to that 
of conventional RT (13% and 64% respectively) 
in a study by Huang et al. IMRT delivered 68% 
of radiation dose  to auditory apparatus compared 
to conventional RT without disturbance to target 
volume dose. Although threshold of cochlea 
tolerance has not been established in combined 
treatment in medulloblastoma, younger age may 
be more sensitive to ototoxicity than adults.12 Pau-
lino et al found statistically significant difference 
in mean radiation dose to cochlea according to 
degree of ototoxicity in patients treated by IMRT 
and cisplatin-based chemotherapy with dose to 
cochlea increasing severity of this complication.13

IMRT boost to tumor bed has been developed in 
medulloblastoma to limit ototoxicity from post-
erior fossa boost. In terms of local control, concern 
for marginal failure is more important in IMRT 
than in conventional RT and 3DCRT. Paulino et 
al also reported no excess failure in non-tumor bed 
posterior fossa from tumor bed boost by IMRT in 
standard risk patients.14

  Polkinghorn et al reported excellent local 
control in both standard and high risk patients 
with limited boost to tumor bed with no isolated 
posterior fossa relapse out of boost volume. Low 
mean dose to cochlea resulted in only 6% of grade 
3 hearing loss without any grade 4 at median fol-
low up 19 months.15

  Neurocognitive impairment is one of the 
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late effects in MB patients especially those of 
younger age. RT to temporal lobe can affect 
the main critical structure for cognitive risk, the 
hippocampus. The correlation between dose to 
temporal lobe and hippocampus and neurocogni-
tive outcome have been shown.16,17 The effect of 
RT to subventricular zone of lateral ventricles for 
neurocognitive junction is less clear. Blomstr et 
al showed outcome of protecting neurogenesis in 
developing brain from 4 RT techniques in MB. 
These included standard opposing fields, IMRT, 
intensity modulated arc therapy (IMAT) and inten-
sity modulated proton therapy (IMPT). Mean dose 
to hippocampus and subventricular zone were 
limited to 88.3%,71.5% and 42.3% with IMAT, 
IMRT and IMPT respectively without disturbance 
of at least 95% of the prescribed dose in target 
volume.18 Brodin et al reported the outcomes of  
3 different hippocampal-sparing RT techniques 
including 3DCRT, IMRT and spot-scanned proton 
therapy for MB in 17 patients. Mean hippocampal 
dose and risk of cognitive impairment were stati-
stically significantly decreased with decreasing  
treatment margin in these 3 different RT tech-
niques. The estimated risk of impaired task effi-
ciency was least by proton therapy regardless of 
boost margin. IMRT was better than 3DCRT. Due 
to limited availability of proton therapy, IMRT is 
an interesting alternative technique at present.19 
However, neurocognitive impairment also cor-
related with high radiation dose to cerebellum 
due to interruption in supratentorial connection to 
frontal region. Hippocampal –sparing RT should 
be followed up in long-term in both aspects of 
tumor control and late treatment effects.
  Currently there is no clinical evidence of 
secondary malignancies in MB treated by IMRT 
which have been reported.
  In conclusion, the benefit of IMRT espe-
cially sparing of organs at risk in these 3 pediatric 
cancers is considered to be more significant for 
treatment outcomes than increased risk of secon-
dary malignancies in current practice. However, 
it should be used with caution especially in the 
patients with long term survival. Additional fol-
low up is required for each clinical report in this 
review article to assess this detrimental effect in 
pediatric patients.
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