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Abstract
Purpose: This study was designed to evaluate the role of adaptive radiation therapy for children
receiving curative radiation therapy to the head and neck region.
Methods and materials: Ten children receiving definitive, conformal radiation therapy to the head and
neck region were prospectively evaluated for anatomic changes during the course of radiation therapy.
Imageswere acquiredmidway through the number of planned radiation therapy fractions during the planned
course of radiation therapy.Body contours, target volumes, and organs at riskwere redrawnon the new set of
images. Two sets of additional treatment planswere generated: (1) a nonoptimized plan (plan 2), that is, an
overlay of the original plan (plan 1) on the new set of contours, and (2) an optimized plan (plan 3) with the
new set of contours. These 3 sets of plans were then compared for dosimetric differences.
Results: Five children had nasopharynx carcinoma, whereas the other 5 had embryonal rhabdomyo-
sarcoma. The average reduction in gross tumor volume was 40% (mean volume, 41.87 mL; P = .005).
The average changes in right and left parotid volumes were 2.72 and 1.92 mL, respectively. With
nonoptimized plans, the average increase inmaximumdose to the spinal cordwas 15% (79.99%-94.99%;
P = .013). With reoptimization, the maximum dose to the spinal cord decreased from 94.99% to 85.26%
(mean difference, −9.73%;P = .02). Average D99 for the planning target volume (dose received by 99%
of the target volume) was 88.66% and 86.89% with the original and reoptimized plans, respectively
(P = .50). For the entire group, the mean conformation number index with nonoptimized plans was
reduced from 0.734 to 0.628 (P = .013). This improved with reoptimization (P = .114). The homogeneity
index improvedwith reoptimization fromameanvalue of 0.113 to0.098 (P=0.28). For nonoptimizedplans,
the average integral dose increased from 74.66 to 76.27 L-Gy (P = .486) compared with the original plans.
Reoptimization resulted in a 5% average reduction in the integral dose, from 76.27 to 72.28 L-Gy (P= .007).
Conclusions:This study demonstrates the usefulness of adaptive radiation therapy for children receiving
radiation therapy to the head and neck region.
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Introduction

Radiation therapy plays an important role in the
management of various pediatric head and neck (H&N)
cancers. Over the past decade, modern conformal radiation
therapy has become a widely adopted standard in the
treatment of H&N cancer because of its ability to create
conformal dose distributions that spare normal tissues,
thereby improving the therapeutic ratio. Recently published
trials of intensity modulated radiation therapy (IMRT) for
H&N cancers demonstrated the potential of preservation of
salivary function, swallowing, and overall quality of life with
promising local control and overall survival.1,2 It has long
been recognized that some patients receiving radiation
therapy to the head and neck will have significant anatomic
changes during their treatment course, including shrinking
primary tumors or nodal masses, resolving postoperative
changes/edema, and changes in overall body habitus/weight
loss.3-7 Despite the limited understanding of the anatomic
changes that occur during radiation therapy, clinicians agree
that these changes could have clinical implications. Although
at times these are clinically relevant even with conventional
radiation therapy techniques, concern is heightened that
geometric changes have even greater significance when more
modern, conformal radiation therapy delivery methods are
used that deliver radiation to the target tissue with very tight
margins. Currently, radiation therapy is planned on a single
set of computed tomography (CT) scan images obtained
before the start of treatment. It is logical that anatomic changes
throughout fractionated radiation therapy could have signif-
icant dosimetric effects in the setting of highly conformal
treatment approaches such as IMRT.

Although there are emerging single-institution data on
adaptive radiation therapy (ART) in H&N cancer, its role
has not yet been reported in pediatric H&N tumors.5,6,8,9

Because the biology and radiosensitivity of these tumors
differ significantly from adult H&N tumors, it is very
important to assess the role of ART in pediatric tumors.
With the significant increase in the number of long-term
survivors of childhood cancers, one could expect to see
young adults cured of their disease but with long-term
sequelae of cancer-directed therapy. It is thus imperative
that we develop treatment strategies that would result in
maximal disease control and minimal treatment-related
early- and long-term sequelae. In the present study, we
evaluated the role of ART for children receiving curative
radiation therapy to the H&N region.
Methods and materials

Ten children and young adults for whom conformal
radiation therapy was planned were accrued in this study.
Written informed consent was obtained from parents, as well
as child assent forms for children between 8 and 18 years old.
Children younger than 18 years who had gross visible,
histologically confirmed malignancy of the H&N region
were included in the study. Children with a past history of
radiation and unconfirmed histology were excluded from
the study. This study was approved by the institutional
review board.

Radiation therapy details

Immobilization and planning
Patients were immobilized in the treatment position with

the standard immobilization devices used for the H&N
region, including an appropriate neck rest and thermoplastic
mold. Treatment-planning CT scans were acquired with
a Siemens SOMATOM Emotion CT simulator (Siemens
Medical Solutions USA, Inc), with the patient in the
treatment position. Radiation therapy–planning CT scans of
the area of interest, extending from the vertex to 5 cm
inferior to the clavicular heads, were acquired with a 3-mm
slice thickness and transferred via the ARIA network
(Varian Inc) to the contouring workstation (Coherence,
Eclipse) for volume delineation/contouring.

Target volume and organ-at-risk delineation
Gross tumor volume (GTV), clinical target volume

(CTV), planning target volume (PTV), and organs at risk
(OARs) were contoured as per standard guidelines10-12 by
a single radiation oncologist. Volumes were outlined with
imaging, including magnetic resonance imaging, positron
emission tomography–CT, and contrast-enhanced CT
scan as available and based on findings on endoscopic
and pretreatment physical examination.

For patients with nasopharyngeal carcinoma, the
GTV included the gross disease in the nasopharynx
as determined from the CT and endoscopic findings.
Positron emission tomography–CT images were not used
for target volume delineation or treatment planning.
Grossly positive lymph nodes were included in this
volume. The CTV included the GTV and adjacent areas
considered to contain potential microscopic disease.

Three CTVs were defined. CTV1 included the nasopha-
ryngeal primary, retropharyngeal lymph node region, lymph
node levels with positive nodes, the pterygoid fossa,
parapharyngeal space, inferior sphenoid sinus, skull base,
and posterior third of the nasal cavity, andmaxillary sinuses.
CTV2 included the high-risk lymph node levels, whichwere
defined as the next echelon of lymph nodes beyond the
grossly involved nodes. Finally, CTV3 consisted of the low-
risk lymph node levels, defined as those distal to the high-
risk lymph nodes. The planning tumor volumes (PTV1,
PTV2, and PTV3) were defined according to the 3 CTVs. A
margin of 5 mm was allowed around each CTV to generate
the respective PTV. To prevent a high dose near the surface,
expansion to PTV was limited to within 1 mm from the
skin surface. For this study purpose only, CTV1 and PTV1
were considered.



Figure 1 (A) Contours showing volume changes during the course of radiation therapy. (B) Variation in 95% isodose line with changes
in volumes and reoptimization.
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For patients with rhabdomyosarcoma, the CTV included
the gross prechemotherapy volume with a 1.5-cm margin.
Volumesweremodified in sites adjacent to critical structures
and to include areas of possible microscopic extension of
disease. The PTVs were expanded as for those for patients
with nasopharynx carcinoma.

For patients with nasopharynx carcinoma, the 3 PTVs
(PTV1, PTV2, and PTV3) were planned to receive 70.2 Gy in
33 fractions, 59.4 Gy in 33 fractions, and 54.8 Gy in 33
fractions, respectively, using a simultaneous integrated boost
technique with IMRT. For patients with rhabdomyosarcoma,
the dose ranged between 50.4 and 55.8Gy in 28 to 31 fractions.

Critical structures included for dose-volume analysis
were the brainstem, spinal cord, parotid glands, and optic
nerves. The contours for GTV1,CTV1, parotid gland, spinal
cord, brainstem, and optic nerves were delineated manually
according to standard guidelines and approved by a single
radiation oncologist. The planning OAR volumes were
generated for the spinal cord and brainstem and defined as 3
mm larger in all directions than the corresponding structure.
Dose constraints were followed per standard guidelines,
depending on the site of the tumor.
Adaptive replanning protocol
Repeat treatment-planning scans using the same param-

eters as the original treatment-planning scan were acquired
for each patient in the same treatment position with the same
immobilization device midway through the planned course
of radiation using the same CT simulator. This time point
was chosen to allow delivery of a significant radiation dose
sufficient to produce a visible tumor response and other
anatomic changes, if any. The GTV (GTV2) and OARs
were redrawn on the new set of CT images. GTV2 was
contoured to document the interval volume change. The
most significant changes in volumes were related to the
primary site. In the neck nodal regions, the changes were
primarily restricted to the volume that extended beyond the
body contour as per the new CT scan images (Fig 1A).

The new CT images were coregistered rigidly with the
original images. In addition, the relation to bony structures
(C2 vertebral body) and the fiducial markers were
carefully matched. The CTV and PTV from the original
plan (CTV1 and PTV1) were autotransferred onto the new
CT image set after satisfactory fusion was achieved. CTV
was modified to exclude any bone (for uninvolved bone),
body cavity, or other structures that were unlikely to
harbor microscopic disease, and a corresponding PTV was
generated (CTV2 and PTV2). The original treatment plan
(plan 1) was overlaid on the new image set using the
matched isocenter and predefined bony anatomy. The dose
distribution was recalculated, and dose-volume histograms
were generated (plan 2). A new plan was generated with
reoptimization using the same optimization parameters
(constraints and priorities; plan 3). The 3 plans were then
compared by use of predefined parameters (Fig 1B).
Statistical analysis

All numerical data were initially verified for normality
by use of a Kolmogorov-Smirnov test and Shapiro-Wilk
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Figure 2 (A) Mean target volume change during radiation
therapy. (B) Mean parotid volume change during radiation
therapy. CT, computed tomography; CTV, clinical target
volume; GTV, gross tumor volume; LT, left; PTV, planning
target volume; RT, right.
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test. Descriptive statistics were calculated with a frequency
table for categorical data and mean, mode, median, and
standard deviation for numerical data. Wilcoxon
signed rank nonparametric tests were used to evaluate
the effect of replanning on dosimetric outcomes within
individuals. For integral dose, statistical analyses were
performed with a paired 2-tailed Student t test to
determine any significant difference in the parameters
compared. A probability value of ≤ .05 was considered
significant. No adjustments for multiple comparisons
in determining significance were made. All statistical
calculations were performed with the SSPS statistical
software, version 17.

Results

Ten patients were enrolled in this prospective study
between May 2008 and December 2010. All patients
completed the treatment without any interruptions.
Five patients had nasopharyngeal carcinoma, and
another 5 had embryonal rhabdomyosarcoma of the
H&N region. There were 9 boys and 1 girl with a mean age
of 7.9 years (range, 1-17 years). Patients with nasopharyngeal
carcinoma were treated with IMRT, and patients
with embryonal rhabdomyosarcoma were treated with 3-
dimensional conformal radiation therapy.
Volumetric changes

Target volumes
All mean target volumes showed significant reductions

during the course of radiation therapy (Fig 2A). Mean
GTV volume reduction was 40% (mean, 41.87 mL; range,
11.63-82.14 mL; P = .005), whereas the mean change in
CTV was 17% (mean, 34.01 mL; range, 2.18-136.1 mL;
P = .005). The corresponding mean change in PTV was
18% (mean, 57.5 mL; range, 3.7-239.44 mL; P = .005).

Organs at risk
The mean volume changes for the right and left parotid

glands were 2.72 mL (95% CI, 0.10-4.55 mL) and 1.92 mL
(95%CI, 0.16-3.69 mL), respectively (Fig 2B). There were
no significant differences in the volumes of other normal
structures between the first and second CT image sets.

Dosimetric analysis

The 3 plans were compared by use of predefined parameters.

Comparison between plan 1 and plan 2
Table 1 summarizes the dosimetric differences between

the original plan (plan 1) and the nonoptimized plan
(plan 2). For both the PTVs, the mean dose to 99% volume
(D99) decreased from 88.88% to 82.57% (95% CI, 0.6%-
11.58%; P = .12), whereas the mean dose to 95%
volume (D95) decreased from 94.53% to 93.87% (95%
CI, −1.84% to 3.15%; P = .733), and the mean volume
receiving 93% of the prescribed dose (V93) decreased in
the nonoptimized plan (Table 1).

Effect on OARs
In contrast to PTV, normal tissue doses increased in

the nonoptimized plan (plan 2). The mean Dmax to the
spinal cord increased significantly from 79.99% to
94.99% (mean difference, −15%; 95% CI, −25.49% to
−4.5%; P = .013) in plan 2 for all patients. The mean dose
to 1-mL volume (D1cc spinal cord) was also increased
from 64.95% to 71.07% (95% CI, −15.44% to 4.21%; P =
.24). The differences in Dmax, D1cc, and D1% to the
brainstem between plan 1 and plan 2 were not significant
(P = .54). There was no statistically significant
difference in the mean dose and V26 to the parotid
glands (Table 1).
Effect of replanning/reoptimization on second
planning CT scan

Effect on PTV coverage
The mean D99 of PTV improved from 82.57% to

86.89% (95% CI, −2.02% to 10.67%). The mean D95,
mean Dmax, mean dose, mean V95, and mean V93
improved marginally with reoptimization (Table 2).

image of Figure�2


Table 1 Dosimetric effect on PTV and organs at risk between plan 1 and plan 2

Variable Plan 1: Mean (SD) Plan 2: Mean (SD) Mean difference (SD) 95% CI of mean Significance (P) (Wilcoxon)

PTV
D99 88.664 (4.10) 82.57 (8.93) 6.09 (7.67) 0.60 to 11.58 .127
D95 94.532 (2.13) 93.87 (3.04) 0.66 (3.50) −1.84 to 3.16 .733
Dmax 107.14 (2.93) 107.87 (3.11) −0.73 (5.57) −3.28 to 1.82 .397
Dmean 100.31 (1.45) 99.48 (1.51) 0.83 (2.41) −0.89 to 2.55 .361
V95 94.281 (3.68) 92.32 (3.89) 1.95 (4.72) −1.43 to 5.33 .541
V93 95.96 (2.52) 94.81 (2.66) 1.14 (4.11) −1.79 to 4.08 .474

Right parotid
Dmean 69.38 (32.33) 68.70 (29.07) −0.678 −8.67 to 7.31 .445
V26 71.56 (34.57) 61.56 (32.82) 10.00 −1.83 to 21.83 .116

Left parotid
Dmean 58.36 (32.34) 63.55 (32.74) −5.18 −12.1 to 1.73 .103
V26 53.18 (39.79) 67.75 (40.39) −14.57 −38.1 to 8.91 .176

Spinal cord
Dmax 79.99 (15.39) 94.99 (7.69) −15.00 −25.5 to −4.50 .013
D1cc 64.95 (18.61) 71.07 (15.8) −6.12 −16.4 to 4.21 .241

Brainstem
Dmax 87.42 (10.54) 88.62 (9.02) −1.20 −6.18 to 3.78 .575
D1cc 72.24 (17.28) 70.62 (17.69) 1.63 −3.65 to 6.90 .878
D1% 81.21 (12.27) 80.46 (13.47) 0.75 −4.45 to 5.95 .959

D99, dose received by 99% of the target volume; D95, dose received by 95% of the target volume; Dmax, maximum dose received; Dmean, mean
dose received; V95, volume (%) receiving 95% of prescription dose; V93, volume (%) of the target volume receiving 93% of prescription dose; V26,
volume of the parotid gland receiving 26 Gy; D1cc, dose received by 1 mL of the volume; D1%, dose received by 1% of the volume; PTV, planning
target volume.
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Effect on dose distribution of OARs
The dosimetric data for OARs for all studied patients

are presented in Table 2. The cumulative dosimetric
comparison of nonoptimized and reoptimized plans with
respect to OARs revealed that the mean Dmax to the
spinal cord was decreased from 94.99% to 85.26%
(mean difference, −9.73%; 95% CI, −19.14% to −
0.315%; P = .02). The dose received by 1 mL of the
spinal cord was reduced from 71.07% to 62.34% (P =
.074). The mean Dmax to the brainstem decreased from
88.62% to 85.26% (P = 0.123), whereas D1cc decreased
from 70.62% to 68.76% (P = .386). The mean difference
in D1% to the brainstem was −2.58% (P = .169) between
plan 2 and plan 3. Mean V26 of the left parotid gland
decreased to 55.6% from 67.7% with reoptimization,
whereas there was no significant difference in mean V26
to the right parotid gland.

Indexes
Comparison of conformation number and homogeneity

index with or without replanning is summarized in Fig 3.
The mean conformation number index with plan 2
for all patients decreased from 0.734 to 0.628 (95% CI,
0.024-0.187; P = .013). With reoptimization, the mean
conformation number index improved from 0.628 to 0.674
(95% CI, −0.005 to 0.096; P = .114) (Fig 3A).
The mean homogeneity index changed from 0.099
in plan 1 to 0.113 in plan 2 (95% CI, −0.030 to 0.013; P =
.50). The homogeneity index was improved with
replanning/reoptimization from a mean 0.113 to 0.098
(95% CI, −0.009 to 0.024; P = .28) (Fig 3B).

Integral dose
The mean integral dose increased from 74.66 to 76.27

L-Gy (95% CI, −6.62 to 3.4 L-Gy; P = .486) in the
nonoptimized plan compared with the original plan. The
comparison also showed that mean integral dose to normal
tissue was reduced from 76.27 to 72.28 L-Gy (95% CI,
2.25-5.72 L-Gy) with reoptimization, that is, a 5%
reduction (P = .007).
Discussion
The current study was aimed at prospectively
evaluating the dosimetric implications of anatomic
changes and the applicability and benefit of ART in
children receiving external beam radiation therapy for
tumors in the H&N region.

We observed that significant changes occurred in target
and normal tissue volumes during the course of treatment



Table 2 Dosimetric effect of replanning on PTV and OARs

Variable Plan 2: Mean (SD) Plan 3: Mean (SD) Mean difference (SD) 95% CI of mean Significance (P) (Wilcoxon)

PTV
D99 82.57 (8.93) 86.90 (6.798) 4.33 (8.87) −2.02 to 10.67 .285
D95 93.87 (3.04) 94.13 (3.225) 0.257 (1.74) −0.99 to 1.50 .678
Dmax 107.87 (3.11) 107.18 (3.35) −0.69 (1.34) −1.65 to 0.267 .236
Dmean 99.48 (1.51) 99.93 (1.64) 0.450 (1.50) −0.62 to 1.52 .766
V95 92.32 (3.89) 92.97 (4.72) 0.642 (3.52) −1.88 to 3.16 .767
V93 94.81 (2.66) 96.06 (3.01) 1.244 (2.99) −0.90 to 3.38 .314

Right parotid
Dmean 68.70 (29.07) 72.55 (33.16) 3.85 −9.51 to 17.21 .856
V26 61.56 (32.82) 62.00 (46.61) 0.44 −25.61 to 26.49 .893

Left parotid
Dmean 63.55 (32.74) 60.91 (34.64) −2.63 −9.51 to 17.21 .213
V26 67.75 (40.39) 55.61 (48.96) −12.14 −25.61 to 26.49 .917

Spinal cord
Dmax 94.99 (7.69) 85.26 (14.38) −9.73 −19.14 to −0.315 .028
D1cc 71.07 (15.8) 62.34 (19.86) −8.73 −19.25 to 1.79 .074

Brainstem
Dmax 88.62 (9.02) 85.14 (11.08) −3.48 −6.00 to 0.81 .123
D1cc 70.62 (17.69) 68.76 (20.34) −1.86 −4.57 to 1.40 .386
D1% 80.46 (13.47) 77.88 (13.77) −2.58 −4.49 to 0.63 .169

D99, dose received by 99% of the target volume; D95, dose received by 95% of the target volume; Dmax, maximum dose received; Dmean, mean
dose received; V95, volume (%) receiving 95% of prescription dose; V93, volume (%) of the target volume receiving 93% of prescription dose; V26,
volume of the parotid gland receiving 26 Gy; D1cc, dose received by 1 mL of the volume; D1%, dose received by 1% of the volume; PTV, planning
target volume.
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approximately 2 weeks after the onset of radiation therapy.
This was consistent with other published studies.4,8,13 An
important issue faced by clinicians during the replanning
process of ART is the significance of change in GTV and
CTV during the course of therapy. Currently, there is a
lack of strong clinical evidence to allow for change or
reduction in CTV for replanning. In our study, the original
image acquisition and replanning CT scans were per-
formed on the same dedicated CT simulator. This allowed
for uniform dosimetric evaluation and cumulative dosi-
metric comparison between various plans during the
course of treatment.

We documented the change in GTV based on the
replanning CT scan images but did not modify the CTV
except in areas where the CTV extended beyond the body
contour or into body cavities, which were unlikely to
harbor microscopic disease. A similar policy was adopted
in the recent publication by Ahn et al.5 The authors of that
study reported that the CTVs were modified by the original
radiation oncologist to account for any changes that had
occurred in the CTVs because of changes in patient
anatomy (spinal cord, brainstem, mandible, parotids, etc.)
or positioning changes. The GTV was contoured in the
second planning CT scan as a part of this study to
document the interval volume changes in tumor volume.
All the target volumes were delineated in accordance
with International Commission on Radiation Units and
Measurements nomenclature.10,11 The PTV was similarly
grown with margins around the CTV as was done in the
original planning scan.

In a repeat CT scan study of 8 patients, Ballivy et al14

examined weekly CT scans from H&N patients and
reported higher doses to the contralateral parotid gland and
spinal cord than originally planned, with dose to the spinal
cord N45 Gy in 57% of repeat CT scans.

In our study, in order to be able to accurately quantify
the dosimetric changes caused by anatomic changes
(patient/tumor) and exclude the changes caused by patient
positioning errors, we matched the 2 sets of images (original
and replanning) along with matching of the reference
markers using the image fusion software available in the
Eclipse planning system andmanual matching techniques to
get the best possible match between the 2 sets of images.
This helped us nullify the possible impact of positioning
errors on the final dose-volume histogram. We noted
significant tumor shrinkage that altered body contour in 4
patients. These changes had a significant impact on the final
dose distribution and could increase during the later part of
the treatment, with further anatomic changes toward the end
of the treatment course.

We also observed that when the original plan was
applied on the replanning CT images, a statistically
significant increase in dose to spinal cord was observed.
It has been discussed in various studies3,15 that an
increase in dose to the spinal cord is attributed more to
positional errors than to tumor shrinkage. However, in the



Figure 3 (A) Comparison of mean conformation number (CN).
(B) Comparison of mean homogeneity index (HI) with or without
replanning.
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present study, we eliminated the positional/setup error
during CT-CT fusion, thus ensuring that the increase in
spinal dose was attributable to the anatomic changes in
tumor and body contour and not to patient positioning
errors. The dosimetric comparison between the original
and replanning (nonoptimized) scans revealed variations
in the doses to the target volumes and various OARs,
although these were not statistically significant. The
increase in spinal cord doses was primarily seen in
patients with large cervical nodes that responded to
radiation therapy, thus resulting in a significant change
in the patient’s anatomy in the cervical region. This
variation could differ between patients based on the initial
nodal volume/size and the response to therapy. Thus, it
would be important to evaluate or judge the benefit of
replanning on the basis of individual patient data and not
as an average of values in a group of patients treated in a
similar manner. This was clearly apparent in the present
study. We observed that there was an 18% increase in
mean spinal cord Dmax without replanning. We also
noticed improvement in PTV coverage and decreased
doses to structures such as spinal cord, brainstem, and the
parotid glands with replanning. Our findings suggest that
ART can be very useful in selected patients.

We also noted significant tumor shrinkage that altered
body contour in 4 patients. These changes could result in
suboptimal patient immobilization, with a significant
impact on the final dose distribution. This effect could
be magnified toward the end of the treatment course. In the
present study, the thermoplastic mold had to be remade in 4
patients because of significant loosening. We recommend
remaking the thermoplastic molds in patients with signifi-
cant changes in body contour. The average time required
from remaking of molds to replanning/optimization and
restarting treatment was 48 hours.

There has been concern about the normal tissue integral
dose with multiple-beam radiation therapy as a potential
risk factor for the development of secondary malignancies.
Although radiation-induced secondary malignancies are
rare, as the treatment outcome improves, these become
important considerations, as evidenced by the experience
with Hodgkin lymphoma. Five-year survival after treatment
of a childhood cancer is now approaching 80%,16 and
hence, it is important to take into consideration the risk of
second cancers in such patients.

Nguyen et al17 have studied the effect of integral dose
on incidence of second malignancies in 4401 patients who
were 3-year survivors of all types of childhood cancer
treated between 1947 and 1986 in France and Great
Britain. They found a significant dose–response relation-
ship between the overall risk of a second malignant
neoplasm and the estimated integral dose. The excess
relative risk for each incremental unit of the integral dose
was only 0.008 in a linear model and 0.017 when a
negative exponential term was considered, when adjusted
for chemotherapy. The risk of second malignant neoplasm
occurrence was 2.6 times higher in the case of irradiation.
However, among patients who had received radiation
therapy, only those who had received the highest integral
dose actually had a higher risk.

We also assessed the effect of ART on integral dose
to nontarget normal tissues. We observed that without
adaptive replanning, integral dose to nontarget normal
tissue was increased significantly. This increase in integral
dose could be attributed to a decrease in target volume as
well as a decreased mean dose to normal tissue caused
by replanning because of change in depth (decreased
body contour). The impact of treatment plan modification
on actual clinical outcomes has yet to be determined.
A similar reduction in integral dosewith adaptive replanning
was reported by Kron et al18 in their study.

There is considerable potential for further improvement in
near real-time processes that involve 3-dimensional CT image
acquisition, automated segmentation, deformable registration,
and modification of IMRT parameters, possibly including
replanning performed just before the delivery of each fraction.
Despite advances in nonrigid registration, dose calculation,
and online planning, these approaches are time consuming,
difficult to validate, and not expected to be available soon
for clinical application.

Despite the relatively small number of patients and
the heterogeneity of histological subtypes of tumors
treated, the present prospective study highlights the
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importance of ART for tumors within the H&N region in
pediatric patients.
Conclusions

One of the principal inferences of the present study
on ART was that replanning midway through a course of
radical radiation therapy for lesions in the H&N region
would be useful in selected patients with large tumors that
have significantly decreased in size, leading to changes in
body contour and potential loosening of immobilization
devices (thermoplastic mold) during the course of radiation
therapy. The other significant benefit of adaptive replanning
noted in our study was the reduction in integral dose after
replanning, thereby reducing the theoretical possibility
of development of second malignancies, especially in
long-term survivors of childhood malignancies. To the
best of our knowledge, this is the first prospective study to
evaluate the role of ART in pediatric H&N malignancies.
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