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The purpose of this study was to evaluate adaptive daily planning for cervi-
cal cancer patients who underwent high-dose-rate intracavitary brachytherapy
(HDR-BT) using comprehensive interfractional organ motion measurements. This
study included 22 cervical cancer patients who underwent 5 fractions of HDR-BT.
Regions of interest (ROIs) including high-risk clinical tumor volume (HR-CTV)
and organs at risk (OARs) were manually contoured on daily CT images. All
patients were clinically treated with adaptive daily plans (ADP), which involved
ROI delineation and dose optimization at each treatment fraction. Single treatment
plans (SP) were retrospectively generated by applying the first treatment fraction’s
dwell times adjusted for decay and dwell positions of the applicator to subsequent
treatment fractions. Various existing similarity metrics were calculated for the
ROIs to quantify interfractional organ variations. A novel similarity (JRARM)
score was established, which combined both volumetric overlap metrics (DSC,
JSC, and RVD) and distance metrics (ASD, MSD, and RMSD). Linear regression
was performed to determine a relationship between interfractional organ varia-
tions of various similarity metrics and D, variations from both plans. Wilcoxon
signed-rank tests were used to assess ADP and SP by comparing EQD2 D,
(a/B=3) for OARs. For interfractional organ variations, the sigmoid demonstrated
the greatest variations based on the JRARM, DSC, and RMSD metrics. Comparisons
between paired ROIs showed differences in metrics at each treatment fraction.
RVD, MSD, and RMSD were found to be significantly correlated to D, varia-
tions for bladder and sigmoid. The comparison between plans found ADP provided
lower EQD2 D, of OARs than SP. Specifically, the sigmoid demonstrated sta-
tistically significant dose variations (p = 0.015). Substantial interfractional organ
motion occurs during HDR-BT based on comprehensive measurements and may
significantly affect D, . of OARs. Adaptive daily planning provides improved
dose sparing for OARs compared to single planning with the extent of sparing
being different among OARs.
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. INTRODUCTION

Cervical cancer is the third most prevalent cancer in females worldwide.(!) The current standard
of care for locally advanced cervical cancer is a combination of external beam radiotherapy
(EBRT) and intracavitary brachytherapy (BT) with concurrent chemotherapy, providing high
rates of local disease control.®>3) High-dose-rate (HDR) BT is an important component in the
curative management of cervix carcinoma and BT is typically delivered in 4 to 6 fractions using
ring and tandem (R+T) or tandem and ovoid (T+0O) applicators.® A single plan (SP) approach
for HDR treatments involves contouring and treatment planning at the first fraction and apply-
ing the treatment plan to remaining treatment fractions. However, this approach does not take
into account interfractional applicator positioning variations and organ motion that may lead
to substantial differences between planned and delivered doses.-?

Previous studies have shown that interfractional organ motion in the pelvis may be substan-
tial.(10-17) Lee et al.!> found average changes in cervix position can be up to 10 mm, 8 mm,
and 16 mm in the lateral, superior/inferior, and anterior/posterior directions, respectively. Such
variations in interfractional applicator positioning and organ motion have been shown to result
in significant differences between planned and delivered dose.®:*) Chakraborty et al.>) found
that 47% of rectal and 19% of bladder dose variations resulted from applicator shifts between
treatment fractions and the remaining variations were a result of organ variations. This rela-
tion between interfractional organ motion and dose variation has been studied for variations in
organ volume and organ distance-to-applicator with respect to variations in mean organ dose,
reference point dose, and volume dose.(®!%1820) However, a comprehensive method to analyze
the relationship between interfractional organ and dose variations that takes into account both
volumetric and organ displacement variations is lacking. While many of these studies only
investigated bladder and rectum as organs at risk (OARs), other studies have determined the
importance of the sigmoid as an OAR.G2D A significant relationship has been found between
sigmoid-to-tandem distance and sigmoid dose, in addition to the sigmoid receiving an excess
of 70% of the intended point A dose; therefore, it is essential to include the sigmoid as a criti-
cal organ.(3-2D

Adaptive planning has been implemented by various institutions for cervical cancer HDR-BT.
An adaptive daily plan (ADP) approach for HDR treatments involves contouring and treat-
ment planning at each fraction. Research involving adaptive planning has been implemented
using daily MR images.®?2?» Due to the lack of MRI scanner availability in most Radiation
Oncology departments, along with the MRI distortion issue, MR scanner availability and staff
resources, this method lacks wide use.(?32%) Limited research has been done on CT imaging
based adaptive daily planning,®27) therefore, in this study, ADP was further evaluated by per-
forming a plan comparison with SP.

In this study, we fully investigated CT-based adaptive daily planning by first investigat-
ing the interfractional variations of HR-CTYV, bladder, rectum, and sigmoid contours during
HDR-BT through comprehensive measures involving volumetric and distance similarity metrics.
These interfractional variations were then studied to determine their effect on dose variations.
Additionally, the ADP created at each HDR fraction was retrospectively compared with the
simulated SP to evaluate the dose delivered to the HR-CTV and OARs.

II. MATERIALS AND METHODS

A. Patient population

This study included 22 cervical cancer patients treated with HDR-BT between March 2011
and March 2015 at the Karmanos Cancer Center in Detroit, Michigan. All patients had biopsy-
proven uterine cervical cancer (stage IB-IVA) and were administered definitive radiotherapy with
concurrent chemotherapy (Cisplatin). Radiotherapy involved EBRT, with a total dose of 37.8
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to 45.0 Gy, and consecutive HDR-BT. All patients underwent 5 fractions of HDR treatments
with consistent R+T applicator size and a prescription dose of 5 to 6 Gy to Point A or modi-

fied Point A at each fraction. Complete treatment fractionation schemes are listed in Table 1.

TaBLE 1. Number of patients for each HDR-BT fractionation scheme.

Treatment Fractionation Scheme Frequency

5.50 Gy x 5 fx

6.00 Gy x 3 fx; 5.50 Gy x 2 fx

6.00 Gy x 4 fx; 5.50 Gy x 1 fx

5.50 Gy x 4 fx; 5.00 Gy x 1 fx

6.00 Gy x 2 fx; 5.50 Gy x 3 fx

5.50 Gy x 4 fx; 5.25 Gy x 1 fx

5.50 Gy x 3 fx; 5.00 Gy x 2 fx

5.00 Gy x 4 fx; 5.50 Gy x 1 fx
5.75 Gy x 1 £x; 5.50 Gy x 3 fx; 5.25 Gy x 1 fx
6.00 Gy x 2 fx; 5.50 Gy x 2 fx; 5.00 Gy x 1 fx

—_
—_

— o mm m  mW

fx = fraction.

B. Image data and organ delineation

A static CT image was acquired with a Somatom CT scanner (Siemens, Erlangen, Germany)
prior to each HDR fraction with an in-plane image size of 512 x 512 pixels, slice thickness
of 3 mm, and in-plane image resolution of approximately 1 mm. Regions of interest (ROIs)
including the HR-CTYV, bladder, rectum, and sigmoid were manually contoured on each CT
image by physicians. The HR-CTV incorporated the gross tumor volume and the entire uterine
cervix.®® Figure 1 shows three orthogonal views of example CT data with ROI contours and
the resulting three-dimensional view in the planning system.

HR-CTV Rectum Sigmoid

FiG. 1. CT image data for the delineated regions of interest as displayed in the planning system and the three-dimensional
view of the contours.
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The planning CT image from the first HDR treatment (CT1) was used as the reference image
to which CT images from the remaining treatment fractions for patients with same applica-
tor geometry were rigidly registered using in the Eclipse treatment planning system (Varian
Medical Systems, Palo Alto, CA). The rigid registration refers to bony anatomy alignment as
investigated by Elhanafy et al.©) Contours of ROIs were mapped to the coordinates of CT1 to
calculate similarity metrics (see Materials and Methods section D). MATLAB (MathWorks,
Natick, MA) was used to develop a program for contour similarity calculations (details in section
D below). Figure 2 shows the contours of the rectum for a sample patient, where all contours
are mapped to the coordinates of CT1. Only contours from fractions 1 to 3 are displayed here
for visualization simplification.

@) )

HDR 1=

HDR 2 =

HDR 3 =

F1G. 2. Rectum contours only for HDR fractions 1-3 for visualization purposes. Contours are all mapped to the coordinate
of CT1 (a) in a three-dimensional view and (b) in a two-dimensional view by taking a cross section.

C. Treatment planning

All patients in this study were treated using adaptive daily HDR-BT treatment plans. For
treatment planning, dose optimization was based on applicator positioning in the Oncentra
Brachytherapy treatment planning system (Nucletron, Veenendaal, The Netherlands). Prior to
each treatment, a Foley catheter was inserted, which remained during planning CT imaging
and HDR-BT and was unclamped between imaging and treatment. Saline was injected into
the bladder prior to imaging and treatment to maintain more consistent volumes throughout all
treatment fractions. Preceding each treatment delivery, ROIs were manually contoured on the
planning CT image and assigned the prescription dose to Point A or modified Point A while
trying to maintain the bladder D, <90 Gy, and the rectum and sigmoid D, <75 GyEQD2
for combined EBRT and HDR-BT.?” The dose distribution was then modified by physicists to
achieve the best normal tissue sparing. For plan comparison, SP were retrospectively generated
for each patient for treatment fractions 2 through 5 by applying the dwell times and positions
from the first fraction to the applicator locations in each subsequent fraction. The dwell times
were rescaled by the ratio of source strength in the prescription compared to treatment data to
account for source decay.

D. Organ contour evaluation measures and statistical analysis

Conventional contour similarity measures fall into two categories: volumetric overlap mea-
surements such as Dice similarity coefficient (DSC),*® Jaccard similarity coefficient (JSC),39
and relative volume difference (RVD),3!) and distance measurements including average sym-
metric absolute symmetric surface distance (ASD),3? root mean square symmetric absolute

Journal of Applied Clinical Medical Physics, Vol. 17, No. 6, 2016



327 Meerschaert et al.: Comprehensive evaluation of adaptive daily planning 327

surface distance (RMSD),®? and maximum symmetric absolute surface distance (MSD).(3?)
When comparing contours using existing similarity measures, conflicting measures may lead
to difficult interpretation. For example, for the bladder having similar MSDs around 21 mm,
the corresponding DSCs were vastly different at 0.75 and 0.52. Here we propose a single
measurement that embodies the JSC, RVD, ASD, RMSD, and MSD parameters to provide a
comprehensive understanding of organ variation by incorporating both volumetric overlap and
distance metrics using the following equation:

JRARM score = w, f(JSC) +w,f,(RVD) +w,f,(ASD) +w,f (RMSD) + )
w f(MSD)

where w, corresponds to the weight given to the function f; (ranging from 0 to 100) of each
metric. JRARM score provides a single similarity metric for overall similarity evaluation
leading to less confusion. For simplicity, w, (i = 1 to 5) was chosen to be equal (0.2) for each
metric f; (=1 to 5) to scale JRARM between 0 and 100 in this study. Since DSC and RMSD
are well-known metrics for assessing volume overlap and displacement, they were used for
contour comparison in addition to JRARM for this study.

For each patient, the JRARM score, DSC, and RMSD were calculated for HDR fraction i
(1=2to 5) to measure each ROI’s contour similarity from reference fraction 1 (HDR i-1 (i =
2 to 5)). Interfractional organ variations were defined by organ overlap and organ displace-
ment based on registered bony pelvic anatomy and were investigated through comparing the
calculated JRARM score, DSC, and RMSD among HDR fraction i (i =2 to 5) using box plots.

E. Dose evaluation measures and statistical analysis
Dose-volume histograms (DVHs) for the bladder, rectum, sigmoid, and HR-CTV were exported
from the Oncentra Brachytherapy treatment planning system for ADP and SP. The dose received
by most irradiated 2 cubic centimeters (D, ) and D, were reported for each OAR and dose
received by 90% of the volume of interest (D,,) was reported for the HR-CTV.®) MATLAB
was used to calculate these dose parameters (D, ., D, ., and Dy;) for each plan from the
cumulative DVHs. D, . and Dy, were used to calculate physical dose variations, defined as the
ratio of mean dose change between fractions to mean dose of the first fraction, as described
previously, to quantify variations from the initial plan.?® Physical doses were converted to
biological doses through the linear-quadratic model for sublethal cell damage repair with the
tissue parameter value o/f3 = 3 Gy for OARs and o/ = 10 Gy for HR-CTV.? In addition,
sparing factors, which are defined as a ratio of D, for a specific OAR to D, for the HR-CTV
per HDR fraction, as described previously, were used for each OAR for plan comparison.G43%)
Sparing factors provided a metric to compare planning methods that took into account both OAR
dose and HR-CTV dose where lower sparing factors correspond to more favorable outcomes.
Linear regression analysis was performed to determine the relationship between interfrac-
tional organ variations, as described by the similarity metrics, and the interfractional dose
variations, as described by D, variations. Wilcoxon signed-rank tests were conducted to
compare D, from the single plan to the adaptive daily plan for each OAR’s total HDR-BT
biological dose. Any p-value less than 0.05 was taken to be significantly different for statistical
tests. Descriptive statistics and Wilcoxon signed-rank tests were acquired using SPSS (IBM,
Armonk, NY).
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lll. RESULTS

A. Interfractional organ and dose variations

Table 2 shows the mean and standard deviation for DSCs and JRARM scores calculated from
Eq. (1). The bladder has the highest DSC and JRARM score throughout fractions, whereas the
sigmoid has the lowest. The sigmoid had the greatest variation in JRARM scores throughout
the course of treatment, whereas the bladder, rectum, and HR-CTV remain more consistent,
as shown in Fig. 3(a). The bladder and rectum had more consistent DSCs throughout each
treatment fraction than the sigmoid and HR-CTYV, as shown in Fig. 3(b). The JRARM scores
for the bladder and HR-CTV had consistently higher medians than the rectum and sigmoid
throughout the treatment fractions, as shown in Fig. 3(d). The bladder had the highest median
DSC in all treatment fractions and the sigmoid had the lowest median DSC in all treatment
fractions, as shown in Fig. 3(¢). While the DSC results show the bladder has a lower degree of
variation compared to other ROIs, the JRARM score results demonstrate that the bladder and
HR-CTYV both have less motion compared to the rectum and sigmoid. The JRARM score and
DSC results taken together demonstrate the bladder has a lower degree of variation compared

TaBLE 2. Averages and standard deviations for DSC and JRARM score calculated from Eq. (1) for each HDR fraction
to show each ROI’s contour similarity from reference fraction 1 (HDR i-1 where i = 2-5).

ROI Parameter HDR 2-1 HDR 3-1 HDR 4-1 HDR 5-1
Bladder DSC 0.6+0.1 0.7+0.1 0.6+0.1 0.7+0.1
N JRARM 69.0+12.4 71.6£13.2 69.4+11.7 72.8+7.1
Rectum DSC 0.5+0.2 0.5+0.2 0.5+0.1 0.5+0.1
v JRARM 62.1£12.6 63.6£11.8 64.84£9.5 63.5¢11.6
Siemoid DSC 0.3+0.2 0.3+0.2 0.4+0.2 0.3+0.2
g JRARM 55.7£13.6 62.5+13.1 62.3+£12.5 59.5+14.1
HR-CTV DSC 0.5+0.2 0.4+0.2 0.5+0.2 0.4+0.2
B JRARM 71.5£9.3 69.9+10.0 67.7£13.8 70.4+11.1
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FiG. 3. Boxplots showing organ variation from fx 1 for all fx of each ROI by comparing (a) JRARM scores, (b) DSCs,
and (c) RMSDs in addition all ROI within each fx by comparing (d) JRARM scores, (¢) DSCs, and (f) RMSDs. Fx =HDR
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Journal of Applied Clinical Medical Physics, Vol. 17, No. 6, 2016



329 Meerschaert et al.: Comprehensive evaluation of adaptive daily planning 329

to other ROIs, while the sigmoid has the greatest motion. Figures 3(c) and 3(f) show the varia-
tion in the RMSD metric for a comparison of volume and distance-based metrics to compare
with the JRARM score.

Physical dose variations in D, . were calculated for OARs for the ADP and SP. The ADP
resulted in D, variations of 3% for the bladder, 6% for the rectum, and 4% for the sigmoid.
The ADP dose variations for OARs are a result of dose optimization to provide a high dose to
the target while sparing OARs. The SP resulted in D, variations of 8% for the bladder, 5%
for the rectum, and 4% for the sigmoid, where the dose variations to OARs were calculated
based on the CT scans from the ADP. Linear regression analysis was performed to study the
relationship between interfractional organ variations and dose variations from both the ADP
and SP. Significant results for this relationship were found for the bladder and sigmoid. RVD,
MSD, and RMSD metrics had a significant relationship with variation in D, for the bladder
(» = 0.000, p = 0.014, and p = 0.025, respectively) and sigmoid (p = 0.000, p = 0.032, and
p = 0.013, respectively). The single plan also yielded significant relationships between both
volumetric and distance metrics and dose variations in the bladder (RVD p = 0.000, JRARM
»=0.038, ASD p=0.019, MSD p=0.001, RMSD p = 0.000), rectum (RVD p = 0.000, RMSD
p=0.041), and sigmoid (RVD p =0.001). The RMSD metric was chosen to depict the correla-
tion between organ similarity and dose difference in Fig. 4 since it was statistically significant
in many cases for the adaptive plan. The regression results show that, not only are distance
metrics important for understanding the effect of interfractional organ variation on organ dose,
but also volume metrics relating to organ shape.
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F1G. 4. Scatter plots describing the correlation between similarity (RMSD) and dose variations (D.
each patient for the (a) bladder, (b) rectum, and (c) sigmoid for the adaptive daily plan.
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B. Variations in dose between single plan and adaptive daily plan

Table 3 shows the averages and standard deviations of D,  and D, . EQD2 for each OAR for
both the SP and ADP. The dose for both plans in fraction 1 is the same because the first daily
plan was used for the SP and then applied to subsequent fractions. All remaining fractions
(2-5) resulted in a higher dose to OARs using the SP compared to the ADP. Wilcoxon signed-
rank tests found significant differences in D, for the sigmoid with p = 0.015. The difference
between the SP and ADP resulted in higher D, by an average and standard deviation of 4.97 &
14.81 Gyoc/B:3 for the bladder, 3.82 &+ 13.77 Gy, 4_, for the rectum, and 4.43 + 13.34 Gwa:3
for the sigmoid compared to the ADP. The ADP resulted in a lower D, to OARs compared
to the SP. The HR-CTV Dy, in the ADP had an average and standard deviation of 10.9 +
4.3 Gygp10o 11.3 £ 3.1 Gy g 10 10.9 £ 3.2 Gy, 11.3 £ 3.0 Gy, ¢, and 10.8 =
2.0 Gywﬁz10 for fractions 1-5, respectively.

Sparing factors (ratio of OAR D, to HR-CTV Dy, in EQD2),**3% as shown in Fig. 5,
provided a metric to compare planning methods that took into account both OAR dose and
HR-CTYV dose where lower values corresponded to more favorable outcomes. The sparing fac-
tors obtained for the ADP and SP were 0.56 + 0.15 and 0.60 + 0.24 for the bladder, 0.29 +=0.11
and 0.31 £ 0.16 for the rectum, and 0.39 + 0.15 and 0.42 = 0.19 for the sigmoid, respectively.
The sparing factors were lower for all OARs in the ADP when compared to the SP.

TaBLE 3. Averages and standard deviations for DVH parameters (in Gwa:3) as recommended by GEC-ESTRO II.

Dose OAR Plan Fraction 1 Fraction 2 Fraction 3 Fraction4  Fraction 5 Total
Bladder D_aily 5.7+1.8 6.3+2.1 6.2+2.0 5.6+2.1 5.7+1.4 29.6+6.2
Single 5.7+1.8 7.5+4.1 7.6+6.0 6.8+£3.2 6.9+3.0 34.6+16.4
D Rectum D_aily 3.0£1.4 3.2+1.5 3.6+£2.0 2.6£1.0 3.0£1.5 15.4+£5.0
2ce Single 3.0£1.4 4.5+4.5 4444 4 3.9+4.3 3.6+2.6 19.2+15.7
Sigmoid Daily 4.3+1.8 4.1£1.9 4.0+1.8 4.0+1.2 3.842.0 20.2+6.8
Single 4.3+1.8 5.0+4.2 5.5+£5.6 5.1£3.7 4.8+3.4 24.6+16.3
Bladder Daily 10.1+4.0 10.6+4.8 9.9+3.5 9.0+3.7 8.9+2.4 48.4+12.2
Single 10.1+4.0 12.4+7.3 13.2+12.2 11.6+6.4 11.4+5.3 58.7+31.8
D Rectum Daily 4.842.6 5.242.5 6.3£5.0 4.442.2 4.942.8 25.6+10.0
0.1cc Single 4.842.6 8.5+11.3 7.9+9.4 6.7+8.6 5.9+4.5 33.7£32.6
Sigmoid ]Z?aily 7.3£3.7 6.8+£3.2 6.6£3.1 6.842.3 6.5+4.0 34.0+12.5
Single 7.3+£3.7 8.4+6.8 9.7+£9.2 8.9+6.5 8.6+£7.9 42.9+29.0

07, feps Duy P

Sparing Factor

Bladder Rectum Sigmoid
Error Bars: £1 SE

FiG. 5. Bar graph showing sparing factors for each OAR for the adaptive daily plan and the single plan.
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IV. DISCUSSION

A. Interfractional organ and dose variations
Understanding interfractional organ motion is crucial for successful adaptive planning for cer-
vical cancer HDR-BT. This study investigated the interfractional variations of organ contours
(HR-CTV & OARs) during multifractionated HDR-BT for patients. The greatest variations in
JRARM scores were observed for the sigmoid, indicating that this ROI exhibits the greatest
organ motion throughout the course of treatment. The substantial sigmoid motion may be due
to the sigmoid being located further away from the compact organs in the pelvis. As a result
of the sigmoid being distant from the compact region, it would not have as many structures
surrounding it to prevent extensive motion. In addition, previous studies found high inter- and
intraobserver variation in sigmoid delineation contributing to the variations observed.3¢-37)
The JRARM scores of the bladder, rectum, and HR-CTV varied less over the treatment period
compared to the sigmoid, with the bladder having the least organ motion throughout treatment
fractions. The JRARM scores of the bladder and HR-CTV showed their extent of organ motion
was consistently lower compared to the other ROIs (averaging 70.70 + 11.24 and 69.88 = 11.08
over all treatment fractions, respectively). Similarly, the DSCs demonstrated that the bladder
and rectum had the most consistent overlap compared to the HR-CTV and sigmoid through-
out all treatment fractions (Fig. 3(b)). The DSCs also demonstrate that the degree of bladder
overlap was significantly higher compared to all ROIs in each fraction (Fig. 3(d)). The bladder
was expected to vary the least due to consistent bladder volumes from consistent daily bladder
filling and ease for contouring this structure. Our institution does not have any specific rectal
preparation for treatment, and as a result, it is not surprising that rectal motion is appreciable.
The interfractional dose variations of the ADP were lower than those of the SP. Lang et al.(*®
found similar results in their study with systematic variations being small and within 6%. The
adaptive plan, although accounting for organ motion, still resulted in dose variations for the
same patient due to the trade-offs between high target dose and low OAR dose. Lower varia-
tions in HR-CTV D, compared to OAR D,__ indicates that the HR-CTV dose remains more
consistent than OAR doses and this may mainly be attributed to the fact that the brachytherapy
applicator is fixed to the HR-CTV.(>¥) SP resulted in higher physical dose variations in D,__ and
Dy, than ADP, strongly suggesting that ROIs receive more predictable doses from ADP due to
the consideration of interfractional organ motion in the treatment plan. Furthermore, both plans’
dose variations were found to have significant relationships with both volumetric and distance
metrics. This indicates that, not only may organ displacements with respect to bony anatomy
have great impact on organ dose, but also organ shape and volume variations, which is the main
reason we use multiple similarity measurements to evaluate adaptive planning in this study.

B. Variations in dose between single plan and adaptive daily plan

ADP resulted in lower doses to all OARs as shown in Table 3. D, reductions were by an aver-
age and standard deviation of 4.97 + 14.81 Gwa:3 for the bladder, 3.82 + 13.77 Gywﬁ:3 for
the rectum, and 4.43 + 13.34 Gywﬁ:3 for the sigmoid. These dose differences between plans
were found to be significantly different for the sigmoid (p = 0.015). From Fig. 4, we can see
that all OARs demonstrated lower sparing factors for ADP, signifying improved critical organ
sparing from the adaptive planning method. It was expected that ADP would provide improved
organ sparing since plan optimization is based on daily anatomical variations. The adaptive
daily planning method provided improved organ sparing, while still maintaining the required
dose to the HR-CTV. The results demonstrate that adaptive daily planning can significantly
reduce OAR doses when compared to the single plan. This follows what would be expected
since the capability to change the dose distribution to spare normal tissues is lost when only
using a single plan.
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C. Future work

In this study, rigid image registration was used to map ROI contours from CTi (i= 2 to 5) to
the coordinates of CT1. In our future study, deformable image registration will be explored to
provide a more realistic contour mapping and dose accumulation.®33% CT image slice thick-
ness?) and image modality effect on HDR treatment dosimetric uncertainties may also be
investigated in the future.

V. CONCLUSIONS

Substantial interfractional organ variations in shape and volume may occur during HDR-BT
as shown by comprehensive metrics, and the extent of this variation is significantly different
among organs. It was discovered that both shape and volume interfractional organ variations
were significantly related to OAR dose variations, and adaptive daily planning provides improved
OAR sparing compared to single planning.
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