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ASSESSMENT OF GEOMETRIC CHANGES IN REGION OF INTEREST AND ITS DOSIMETRIC CONSEQUENCES
USING DEFORMABLE IMAGE REGISTRATION FOR HEAD AND NECK ADAPTIVE RADIATION THERAPY
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BAS VE BOYUN ADAPTIF RADYOTERAPI iCIN DEFORMABLE GORUNTU KAYDI KULLANILARAK ILGILI
BOLGEDEKI GEOMETRIK DEGISIMLERIN VE DOZIMETRIK SONUCLARIN DEGERLENDIRILMESI

ABSTRACT:

The aim of this study was to evaluate the change in volume and center of mass for a region of interest (ROI) and how
changes affect the cumulative dose through Geometric Processing Unit (GPU)-based Deformable Image Registration.
Ten head and neck cancer patients treated with simultaneous integrated boost in tomotherapy were analyzed
retrospectively. Planning computed tomography (CT) and pretreatment weekly CT images were obtained for each
patient. Cumulative dose and geometric changes were calculated for critical organs using these images, GPU-based image
recording. The cumulative dose was evaluated according to geometric changes and compared with the planned dose.
There was no statistical difference between the cumulative dose and the planned dose for Dmean, V100% and V90% of
planning target volume (PTV1) (p > 0.05). However, the cumulative dose was 14.8% and 8.8% lower than the planned dose for
V100% and V95% of PTV3, respectively. The cumulative dose delivered to the spinal cord was 7% higher than the planned
dose; however, 6.6% and 4.1% were less than the planned dose for the left and right parotid glands, respectively.
Because head and neck cancer patients undergo many anatomical changes during treatment, cumulative dose assessment is an
important parameter for determining how well treatment planning is actually being achieved. GPU-based three dimensional
(3D) deformable image registration enables real-time assessment of dose accumulation and tracking of inter-fraction
volume variation for a region of interest. Deformable image recording is an important tool for the evaluation of adaptive
radiotherapy.
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OZET:

Bu caligmanin amaci, ilgilenilen bir bolge i¢in hacim ve kiitle merkezindeki degisimi ve degisikliklerin kiimiilatif
dozu nasil etkiledigini Geometrik Islem Birimi (GPU) tabanh deforme edilebilir goriintii kaydi yoluyla degerlendirmekti.
Tomoterapide simiiltane entegre boost ile tedavi edilen on bag boyun kanseri hastasi retrospektif olarak analiz edildi. Her hasta
i¢in planlama BT ve tedavi oncesi elde edilen haftalik BT goriintiileri elde edildi. Bu goriintiiler, GPU tabanli gdriintii kaydi
kullanilarak kritik organlar igin kiimiilatif doz ve geometrik degisiklikler hesaplandi. Kiimiilatif doz geometrik degisikliklere
gore degerlendirildi ve planlanan doz ile karsilagtirildi.

Plananlanan hedef hacmin (PTV1) Dmean, V1o ve Vo't i¢in kiimiilatif doz ile planlanan doz arasinda istatistiksel bir fark yoktu (p

> 0.05). Ancak kiimiilatif doz, PTV3'iin Vieo ve Vos'i i¢in sirasiyla planlanan dozdan sirasiyla %14,8 ve %8,8 oraninda daha
diisiik oldugu goriildii. Medulla spinalise verilen kiimiilatif doz, planlanan dozdan %7 daha yiiksekti; ancak sol ve sag parotis
bezleri igin sirasiyla planlanan dozdan sirasiyla %6,6 ve %4,1 daha azdu.

Bas boyun kanseri hastalar tedavi boyunca bir¢ok anatomik degisiklik gegirdiginden kiimiilatif doz degerlendirmesi tedavi
planlamasinin ne kadar gergekte saglandigini belirlemek i¢in 6nemli bir parametredir. GPU tabanli 3 boyutlu (3D) deforme
edilebilir goriintii kaydi, gercek zamanli doz birikiminin degerlendirilmesini ve ilgilenilen bir bolge i¢in fraksiyonlar aras1 hacim
degisiminin takip edilmesini saglar. Deforme edilebilir goriintii kaydi, adaptif radyoterapinin degerlendirilmesi i¢in 6nemli bir
aragtir.

Anahtar Kelimeler: Adaptif radyoterapi, Basg boyun kanserleri, Deforme edilebilir goriintii kaydi, Radyasyon dozu, Tomoterapi
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1. Introduction

Radiotherapy, along with surgery and/or chemotherapy, is the
main treatment for head and neck cancers (Atwell, 2020). Modern
therapy techniques, namely intensity modulated radiation therapy and
volumetric arc radiation therapy, allow the delivery of the treatment
dose to target volumes while simultaneously sparing critical
structures. On the other hand, patients with head and neck cancer
undergo many anatomical changes caused by weight loss during
radiotherapy (Toledano, 2012). In addition, tumor volume and parotid
gland volume decrease, and this decrease is usually asymmetrical
(O'Daniel, 2007; Sharma, 2020;). Innovations in patient
immobilization and imaging technology allow us to minimize setup
uncertainties; however, there may be differences between planned
and absorbed doses due to anatomical changes. Anatomical
change can be evaluated using kilo- voltage computed tomography
(kVCT) or mega voltage computed tomography (MVCT) scans with
an advanced imaging system (Heukelom, 2020; Lowther, 2020;
Kanehira, 2020).

Adaptive radiation therapy (ART) 1is to revise the
original treatment plan based on the patient's random or systematic
anatomical changes  during 6-7 weeks of fractionated
radiotherapy, thereby improving the quality of treatment (Capelle,
2012). In ART, the patient's CT image is taken again and after the new
contouring and re-planning, the patient continues the treatment
according to the new treatment plan. However, manual target critical
structures delineation in offline ART takes time (Loo, 2011; Veiga,
2014). Recent studies have shown that deformable image registration
(DIR) plays a crucial role in ART to monitor anatomical changes
(Fung, 2020). In addition, it is possible to determine target volumes
and calculate the cumulatively absorbed dose in the respective
volumes via DIR, however, image quality is very important (Veiga,
2015; Zhang, 2018; Scaggion, 2020). Although MVCT scans can
confirm the patient's position and anatomical change, they have lower
quality than kVCT scans for soft tissues (Nobnop, 2019).

On the same ground, in this study, it was aimed to evaluate
changes in volume and center of mass and how these changes
affect the cumulative dose for the region of interest, considering
patient-specific anatomy with Geometric Processing Unit (GPU)-
based Deformable Image Registration.

2. Materials and Methods
2.1. Patient population and Target delineation

Ten head and neck cancer patients treated with Tomotherapy
Hi-Art (Accuray Inc., Sunnyvale, CA, USA) using the
simultaneous integrated boost (SIB) technique were selected for this
study. Seven patients were diagnosed with tonsil malignant neoplasm,
1 patient with nasopharyngeal CA, and 2 patients with tonsil
carcinoma. Weight changes in patients were recorded before and
after treatment. Patient information is shown in Table 1.

Table 1. Patients’ characteristic regarding treatment

Patient 1) Diagnosis Prescription Dose (Gy)  Tx Duration  (Day) Weight Change (kg)
1 Tonsil CA 70.00 53 8.80
2 Base of Tongue 70.00 51 2.00
3 Nasopharynx 69.96 47 540
4 Tonsil CA 70.00 56 10.90
5 Tonsil CA 70.00 39 7.00
6 Tonsil CA 70.00 50 210
7 Tonsil CA 70.00 43 9.60
& Tonsil CA 0.0 45 1150

0
@ Tonsil CA 70.00 43 4.40
0

100 Base of Tongue 70.2¢ 50 10.70

For treatment planning, a planning CT image with a slice thickness of 3
mm was taken for each patient. Three different target volumes
were defined for each patient. Thermoplastic masks with head and neck
micro-perforations were used for patient immobilization. All targets,
including clinical target volume (CTV1) (gross volume of disease), CTV2
(next stage nodal regions), and CTV; (areas harboring subclinical
disease) were contoured in relation to other anatomical boundaries of
the structures. Tighter margins have been added to create planning
target volumes (PTVs). Based on our clinical protocol, PTVs were
generated from respective CTVs by adding a 3mm margin with all
expansions for setup uncertainties. In addition to the parotid glands,
brain stem, medulla spinalis, mandible, and oral cavity, optic nerves,
lenses, and eyes were contoured for dosimetric analysis.

2.1. Treatment Planning and Evaluation

Helical tomotherapy plans were created with Accuray’s integrated
treatment planning system (TPS) Hi-Art PlanningStation 5.1.1.6 using
the TomoTherapy (Accuray Inc., Sunnyvale, CA, USA) platform. The
prescription dose of PTV: was 70 Gy in 35 fractions with a minimum
coverage of 95% for all treatment plans while protecting as much critical
structures as possible. In addition, 62.7 and 56.1 Gy were prescribed for
PTV2and PTV3, respectively. The field width was defined as 2.5 cm, the
eigen factor was 0.277, and the modulation factor was 2.5. Dose
restrictions for helical tomotherapy plans were optimized according to
the Radiation Therapy Oncology Group (RTOG) 0615 protocol. Data
from dose volume histograms (DVHs) of all plans were used to
determine the dosimetric difference between the planned dose and the
cumulative dose. Vioow, Vosu, Voo, (volume that receives 100%,
95%, 90% of prescription dose) and Dmen (mean dose) of target
volumes were considered to evaluate tumor coverage. In addition, the
maximum dose (Dmax) for the spinal cord and brain stems was limited to
<45 Gy and <54 Gy, respectively. Also, Dmean for the parotid glands
was limited to <26 Gy. Also, Dmax for lenses, optic nerves, eyes was
taken into account.
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Figure 1. Tumor coverage and weekly delivered dose through DIR
during 6 weeks of the treatment course for selected case. (Patient-3)



2.2. The change in volume and center of mass for ROI

Six to eight Daily kVCTs obtained to correct set-up errors
before the treatment were selected for each patient in this study. In order
to perform kV-to-kV registration, alignment was done to provide a close
overlaid for two scans as much as possible, so, these kVCTs were
superimposed on the planned CT images to delineate targets and critical
structures. And then resizing and resampling of CT images were
performed to track anatomical changes via GPU based deformable image
registration algorithm. Deformation vector fields obtained based on each
Cartesian direction were used for contour propagation to map the
delineated ROI on planning CT to each weekly kVCT. A Jacobian
analysis was performed for the deformed anatomy. In order to determine
non-rigid change in the patient setup, deformation based on each
contoured structure was evaluated. U, V, and W matrices were used for
the Jacobian determinant for each voxel to evaluate the volumetric
changes in the target volumes and surrounding critical structures. The
determinant was defined as follows:
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The change in the center of mass and the distance between the PTVs and
the left and right parotid glands were determined based on Cartesian
coordinates using DIR helped to compensate for the inter-fractional
motion of the target volumes and critical organs. The doses were then
recalculated from each kVCT to determine the actual delivered dose to
the targets and the critical structures. Linear interpolation was used for
the dose mapping. The cumulative dose was calculated by summing,
week by week, to obtain the total absorbed dose. In order to make a
comparison between the accumulated dose and the planned dose, Gamma
analysis was performed. Based on our model, all patients were treated
identically, and the change in anatomy was not considered for dose
distribution. For Gamma analysis, 1% and 1 mm were chosen as the
default criteria. Gamma analysis was defined by:
2(72 72 2(72 72
177 ) = ey S0en) )
where Ad and AD are the distance to agreement and HU difference
criteria, respectively, re is the position at the evaluated pixel, and r: is
the position of the reference voxel (Guerrero, 2006).

2.3. Statistical analysis

Finally, SPSS statistical software version 28.0.1. (SPSS, Chicago, IL,
USA) was used to examine the statistical differences in each of the
planned dose obtained from helical tomotherapy plans and the delivered
dose obtained by a GPU-based 3D image deformation/visualization tool.
A paired sampled t-test was applied to determine the difference between
planned and accumulated doses. For this study, according to the null
hypothesis, there should be no difference between the mean planned dose
and the mean cumulative dose. In addition, correlation analysis was
applied to evaluate the effect of geometric changes in volume and center
of mass (COM) displacement on the delivered dose to both parotid
glands. Based on Pearson’s correlation, it was measured whether there is
a linear dependence between the aforementioned variables. Pearson’s
correlation was defined by:
2(x—my )(y-my)
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where mx and my were the mean of geometric changes in volume and
COM displacement, respectively. The p value (significance level) of the
correlation was calculated based on the t value, which is defined by:

-
t= =z Vn — 2 “4)
Statistical significance of p < 0.05 was considered for both analyses. If
the p value was < 5%, the correlation was considered statistically

significant.

r =

3. Results
3.1. Cumulative dose for PTVs

Based on the Jacobian and Gamma analysis, the accumulated
dose versus planned dose was evaluated for ROI. Planned and
accumulated doses for target volumes were listed in ~ Table 2 and Table
3, respectively. According to the test results, there was no statistical
difference between the accumulated dose and the planned dose for Dimean,
Vioow and Voo, of PTV: (p>0.05); however, there was a statistical
difference between the planned dose and the accumulated dose for Vos of
PTV: with a maximum difference of 8.6%. The accumulated dose was
~3% lower than the planned dose for Vosy, of PTV1; however, the planned
dose was delivered to PTV, as expected considering Dmean, Vioo% and
Voo%. Tumor coverage and weekly delivered dose for the selective case
was shown in Figure 1. Additionally, there was no statistical difference
between the accumulated dose and the planned dose for PTV2 (p>0.05);
however, dose differences were observed in Vioow and Vosy, of PTV3
(p<0.05). The accumulated dose was 14.8% and 8.88% lower than the
planned dose for Vieow and Vose, of PTV3, respectively. The dosimetric
comparison between planned and accumulated doses for target volumes
was shown in Figure 2. All p-values and plan evaluations for the ROI
were listed in Table 5. Moreover, weekly doses were shown in Figure 3
for target volumes from ten patients. As a result, the planned dose was
delivered to the target volumes; however, dose discrepancies were
observed for several parameters of PTVs in the patient where maximum
weight loss was observed.
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Figure 2. Dosimetric comparison between planned and accumulated
dose for target volumes. All parameters are normalized to 100%
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Figure 3. Weekly delivered dose were shown for target volumes from
ten patients. Doso, of target  volumes were considered.



Table 2: Planned dose of target volumes.

Planned Daose

PTVI PTV2 PTV3

Dian VIOD V95 V90 Dpoy VIO V5 Vo0 Duen  VIOD VOS5 VOD
Gy (7 (665 (63 Gy (63 (98 (567 Gy (57 (41 (513

Patient Gy) Gy) Gy) Gy) Gy) Gy) Gy) Gy) Gy)

n % % % % % % % % %
1 T097 9140 9985 10000 7121 9403 10000 10000 7046 7862 9246 9654
2 7075 8763 9766 9977 7080 8688 9990 10000 6690 9409 9934 9532
3 TLOO 8657 9659 9835 6454 9953 9979 9992 6687 8987 9862 9794
4 7172 9117 9970 9997 6893 9LIT 9970 9357  ST.S6 9494 9994 100.00
5 7094 9003 9893 9969 6874 9003 9893 9801 5740 9991 9997 10000
G 096 9231 9944 9979 6752 9689 9231 0088 6447 9420 9432 9689
7 TLIO 8828 9942 9999 7066 9429 9814 9998 6691 8828 OLIT 9956
8 081 80.01 9518 9875 G723 9613 9940 9660 5825 9199 9800  99.62
9 6701 8657 9823 9939 6556 9199 9898 9060  SR48 9222 9628 9923
10 TLOL 9134 9982 10000 G611 9328 9956 9991 6193 9342 9409 9924
Mean T0.14 8853 9848 9957 G813 9342 9867 9694 6292 9176 9671 9843

Table 3: Accumulated dose of target volumes

Accumulated Dose

PIVI rIv: PIV3

Dmean VIO V95 V90 Dyae VIO VIS V9D Dy, VIOD V95 V90

Gy (70 (665 (63 Gy (63 (598 (567 Gy (57 (541 (513
Patient Gy) Gy) Gy) Gy) Gy) Gy) Gy) Gy) Gy)
m % % % % % % % % %
1 F083 8744 9933 9996 7103 9155 9924 9993 7052 73Kl 9438 9819
2 050 9037 9803 9940 098 9320 9985 10000 6728 9037 914D 9440
3 IS 8329 9669 9945 6476 9576 9659 9833 6393 8709 9135 9766
4 TL63 9077 9KI1 9935 6951 9128 8329 0480 5790 8657 9695 9835
5 092 8981 9882 9958 6909 B3Il 9LI7 954 5753 BOT8 9494 9990
6 095 9088 9839 9958 6743 8608 B6S6 9231 6433 RS0 8953 9085
7 TLO3 8603 9841 9987 7053 8766 9340 9R05 6719 8799 9003 9267
8 6816 8763 9155 9613 6583 K754 9L10 9518 5689 B2E9 9678 9973
9 66.18 7592 9038 9504 6448 9237 9544 8325 5802 8821 9532 9684
10 00 6001 9292 9822 6498 9275 9657 9060 5931 8130 8641 9765

Mean 7011 E 12 96.26 ‘J-H.Es% 67.86 EI-U.H 9335 95.10 62.49 83.65 9172 90.60

3.2. Cumulative dose for OARs

A paired sample t-test was also applied for the medulla spinalis
and parotid glands. Overdose of the medulla spinalis was observed in two
patients, and the accumulated dose was higher than the planned dose by
18.4% and 26.2% in Patient-7 and Patient-10, respectively. On the other
hand, there was no statistical difference between the accumulated dose
and planned dose considering all patient data for the medulla spinalis (p
= 0.211). Additionally, there was a statistical difference between the
planned dose and accumulated dose for the left parotid gland (p = 0.045),
and the delivered dose was less than the planned dose by 6.6%. On the
other hand, there was no statistical difference between the planned dose
and accumulated dose for the right parotid gland (p = 0.07). Moreover,
the accumulated dose was lower than the planned dose by ~ 4% for the
right parotid gland. The weekly delivered doses of the left and right
parotid glands from each patient were shown in Figure 4 and Figure 5.
As a result, the planned dose was delivered to the organs at risk (OARs).
The difference between the planned dose and the accumulated dose for
critical structures was given in Table 4.
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Figure 4. % Ratio of accumulated dose to planned for left parotid
glands from all patients.
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Figure 5. % Ratio of accumulated dose to planned for left parotid
glands from all patients.

Table 4: Planned and accumulated dose for critical structures.

Medulla Spinalis Left Parotid Gland Right Parotid Gland

Diss (G¥) Dieaa (GY) Disa (GY)
Paticnt [ Planned Accumulated Planned Accumulated Planned Accumulated
1 43.30 4181 22.60 2112 3452 3404
2 41.90 4367 2398 2310 36.75 5580
3 ke 30.69 36.44 36.70 49.08 47.05
4 40.74 40.96 3733 3013 2365 0273
5 39.65 3004 36.46 329 2476 249
3 30.72 4367 25.25 2.9 2487 2304
7 43.07 5100 40.95 39.96 14.12 1497
8 414 477 27.63 2831 23.13 273
9 43,10 4155 7.58 7.58 3895 37,82
10 4239 57.51 2290 18.50 2097 1790
Mean 40.85 4317 30011 2822 3108 2045

Table 5: Plan comparison for target volumes and organs at risk

b Values
PTV] Duean 0083 =005
PTV] Vieo 0216 =0.05
PTV] Vas 0.041 =0.05
PTV] Vag 0.093 =0.05
PTV2 Dinesn 0.250 =0.05
PTV2 Vi 0.072 =0.05
PTV2 Vs 0.060 =0.05
PTV2 Vao 0.142 =0.05
PTV3 Duesn 0.188 =005
PTV3 Vioa 0.010 <005
PTV3 Vs 0.004 <0.05
PTV3 Vg 0.060 =005
Medulla Spinalis Dyay 0211 =005
Left Parotid Gland Digen 0045 <005
Right Parotid Gland Dy 0.070 =005

*p = Significance
3.3. The Change in volume and COM displacement

Since head and neck cancer has a complex shape and many
factors can affect tumor location and size, weight loss did not affect the
volume shrinkage of targets by itself. The mean volume reduction in

PTVi was 3.3 % (range of 6.3%—1%), PTV2 was approximately 7%
(range of 18 — 0.8%), CTV3 volume was 8.6% (range of 18 —5.2%). The
mean volume reduction in the right parotid gland was 11.7 % (range of
29.3 - 1.3 %). The mean volume reduction in the left parotid gland was
13.5 % (range of 25.9 - 5.7 %). The weekly volume change of the ROI
was shown in Figure 6. The mean reduction in the distance between the
parotid glands was 2.2 % (range of 3- 0.5 %). The average change in
distance between the center of mass of the ROI and the parotid glands of
ten patients during the treatment course was shown in Table 6. Even
though the decrease in the distance was small, it caused a change in the
dose delivered to the parotid glands.
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Figure 6. Volumetric Changes of ROI from 10 patients during the
treatment course. The volumes were normalized to the planning
volume. Average volume change was considered. Error bars are
standard error.

Table 6. Average change in distance between center of mass of ROI
and parotid glands of ten patients during the treatment course.

Average Change in Distance

Right Parotid - FTV1 Left Parotid - PTV1 Right Paratid - Left Parotid
Patient ID {mm} (mm} {mm}
1 6.41 6.27 1112
2 7.56 515 10.5%
3 6.72 693 1264
4 4.74 9.06 1255
5 4.36 829 11.70
6 B01 597 11.89
7 518 7.31 20,01
8 337 746 1204
9 K46 441 119

10 745 675 1200

Mean 6.42 6.76 1257

Moreover, correlation analysis was applied to each patient to
evaluate the effect of the change in volume and COM of critical structures
and target volume on composite dose, was shown in Table 7. A strong
negative correlation was obtained between volume change and composite
dose of the left and right parotid glands (r=-0.25 and r = -0.90). The same
analysis was also applied to determine the correlation between the COM
displacement of the PTV - right parotid, PTV - left parotid, and both
parotid glands. A strong positive correlation was obtained for the right
parotid gland (r=0.449); however, this correlation was not statistically
significant (p=0.193). Additionally, a strong positive correlation was also
obtained for the left parotid (r=0.826) and this correlation was not
statistically significant (p=0.03). Since the tumor location was closer to
the left parotid gland and the shift was observed towards the left side, the
COM displacement increased the composite dose of the left parotid
gland.

Table 7. Correlation between the distance of parotid glands to PTV and
accumulated dose.

Correlation between Distance and Accumulated Dose

T values p values

Right Parotid Gland 0,499 (=005) 0,193 (= 0.05)

Left Parotid Gland 0.826 (= 0.035) 03 (= 0.05)
#r = Correlation Coefficient
*p = Significance

4. Discussion

Effective radiotherapy requires knowledge of the accumulated dose
of ROI and the evaluation of the treatment results during the
entire treatment course. Structural delineation and quantification of the
change in volume of ROI between the planning CT and daily
kVCT and/or MVCT images is possible with DIR (Weppler, 2020).
The obtained results based on in-room daily kVCT data showed that
DIR is an essential tool for tracking the volume of the ROI and the
distance between the target volume and critical structures because the
image resolution of kV CT is superior to MVCT (Zhang, 2018). For
this reason, many studies focused on the dose evaluation of OARs
kV-kV alignment via DIR (Pukala, 2016; Branchini, 2017).

Mclntosh et al. used an atlas-based approach to predict the dose.
The predicted dose distribution was converted to a complete treatment
plan via voxel-based dose-mimicking optimization. Target volume
coverage and the dose of critical organs were evaluated. Based on their
result, for target coverage, automated plans achieved of 0.6% overdose
and 2.4% lower dose for OARs. Additionally, a GPU based-3D image
framework was used to evaluate real-time dose accumulation and to
track inter-fractional anatomical change for ROIL. Moreover, the
optical flow registration was used for the kV to kV alignment
(Mclntosh, 2017).

Elstrom et al. evaluated daily kV cone beam CT and
deformable image registration for one patient. Fractional dose and
change in volume of the parotid glands and PTVs were taken into
account. The volume change between the planning and final fraction
was 30% (Elstrem, 2010).

On the other hand, volume change and change in the center of mass
for the parotid glands and target volumes were investigated in this
study. Even though the DIR is an essential tool to track anatomical
changes, there are still unknown questions regarding these changes that
fluctuate among patients. In addition, weekly cumulative dose
assessment plays a crucial role in quantifying whether the planned dose
is delivered to the target while protecting organs at risk. DIR has been
a vital method for radiation therapy applications; however, its
integration into clinical practice requires further investigation.
Moreover, dose accumulation via DIR is still under development and
DIR cannot be used directly in clinical practice due to the limitations of
dosimetric and clinical studies. On the other hand, DIR is a crucial
step for adaptive radiation therapy ART; because modification of
the treatment plan based on maintaining treatment objectives is
aimed for ART.

5. Conclusion

One of the main problems in head and neck radiation therapy is
the location of a tumor that is in close proximity to the surrounding
structures. In addition, patients undergo many anatomical changes during
the course of a radiation treatment. It was showed that, the in-house
developed GPU based-3D image framework is an essential tool to allow
for evaluation real time dose accumulation and tracking inter fractional
volume change of ROI for adaptive radiation therapy. Additionally, the
efficacy of radiation treatment depends on tracking geometric changes
and their dosimetric consequences followed GPU-based algorithm
systematically.
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