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ABSTRACT PURPOSE: The aim was to evaluate a postprocessing optimization algorithm’s ability to improve
the spatial properties of a clinical treatment plan while preserving the target coverage and the
dose to the organs at risk. The goal was to obtain a more homogenous treatment plan, minimizing
the need for manual adjustments after inverse treatment planning.

MATERIALS AND METHODS: The study included 25 previously treated prostate cancer pa-
tients. The treatment plans were evaluated on dose-volume histogram parameters established clin-
ical and quantitative measures of the high dose volumes. The volumes of the four largest hot
spots were compared and complemented with a human observer study with visual grading by
eight oncologists. Statistical analysis was done using ordinal logistic regression. Weighted kappa
and Fleiss’ kappa were used to evaluate intra- and interobserver reliability.

RESULTS: The quantitative analysis showed that there was no change in planning target volume
(PTV) coverage and dose to the rectum. There were significant improvements for the adjusted
treatment plan in: V150% and V200% for PTV, dose to urethra, conformal index, and dose
nonhomogeneity ratio. The three largest hot spots for the adjusted treatment plan were significantly
smaller compared to the clinical treatment plan. The observers preferred the adjusted treatment
plan in 132 cases and the clinical in 83 cases. The observers preferred the adjusted treatment
plan on homogeneity and organs at risk but preferred the clinical plan on PTV coverage.
CONCLUSIONS: Quantitative analysis showed that the postadjustment optimization tool could
improve the spatial properties of the treatment plans while maintaining the target coverage. ©
2022 The Authors. Published by Elsevier Inc. on behalf of American Brachytherapy Society.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Treatment planning of prostate high-dose-rate (HDR)
brachytherapy (BT) has historically been performed by
manual adjustments of the dwell times and by using graph-
ical tools to drag the isodose curves to the desired position
(1). Manual treatment planning is time demanding and de-
pendent on the skill of the treatment planner (2). Optimiza-
tion algorithms — so called inverse treatment planning or
inverse planning — are included in modern treatment plan-
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ning systems (TPSs) for a more automized approach (3).
Inverse planning is frequently used for prostate and breast
BT but is currently rarely used in cervical BT. Unfortu-
nately, treatment plans created by inverse planning often
need manual adjustments to be clinically accepted (4). For
example, inverse treatment plans often have more varying
dwell times, where fewer dwell positions are used than in
manually created treatment plans (5). Fewer dwell posi-
tions necessitate longer dwell times, resulting in more het-
erogeneous irradiation of the target, with larger volumes
irradiated to a level above the prescription dose. The dose
volume histogram (DVH) is a 2D representation of the 3D
dose distribution and does not yield information on the
spatial locations of these overdosed volumes, which may
be relatively spread out or more focused to form contigu-
ously overdosed volumes. Lack of clinical evidence of the
impact of overdosed volumes for prostate BT has been re-
ported (6) but also indications on that the percentage of the
prostate target volume treated to > 200% of the prescrip-
tion dose influences urinary toxicity (7,8) and some argue
that it would be reasonable to keep these volumes as small
as possible (9,10). For breast BT there is evidence that the
volume irradiated to 150% of prescription dose correlates
with fat necrosis (11). Recommendations for breast BT
(12) state the importance of inspecting and adjusting the
3D dose distribution for extensive 200% isodose volumes.
Such adjustments are also, even if not explicitly stated in
recommendations, common for prostate BT at many clin-
ics. Furthermore, a more heterogenous dwell time loading
is less robust, meaning that a small shift of a catheter’s
placement, relative to the target and the organs at risk
(OARs), can give larger changes in the dose delivered to
the patient than would have been the case with a more
homogeneous dwell time pattern (13).

An optimization tool developed to automatically per-
form the before-mentioned manual adjustments, resolving
contiguously overdosed volumes, has been developed by
Morén et al. (14). This optimization tool aims at improv-
ing the spatial properties of a tentative treatment plan while
retaining (or improving) the DVH parameters for target
coverage and the OAR sparing constant. The spatial prop-
erties that the optimization tool focuses on are the contigu-
ously overdosed and the contiguously underdosed volumes.
These volumes can be set at chosen levels and are hence-
forth denoted as hot and cold spots, respectively. Spatial
properties of treatment plans are not possible to quantify by
DVH parameters as there is no spatial information included
in the 2D DVH. Hence, for the same DVH, the prevalence
of hot spots can vary, and either be spread out or focused
to fewer and larger volumes. Further, optimization algo-
rithms that only optimize on the DVH parameters will not
prioritize spreading out the high dose volumes. Many op-
timization algorithms in commercial TPSs include a dwell
time deviation constraint which aims at producing more
homogeneous dwell time patterns, and, indirectly, more ho-
mogeneous dose distributions. However, spatial properties

are not explicitly modelled and only indirectly affected by
dwell time constraints. The optimization tool in Morén et
al. (14) aims at minimizing the total hot and cold spot
volumes. It was developed to replace the manual postpro-
cessing after inverse planning. The time required to inspect
and manually adjust the 3D dose distribution after inverse
planning could be shortened and the result would be less
dependent on skill of personnel.

The quality of treatment plans can be judged and com-
pared quantitatively by DVH parameters and qualitatively
by observer studies. The initial evaluation of the current
postprocessing tool was performed with a few clinical
plans (14) by comparing DVH parameters, available in
clinical TPS, and complemented by using a novel quan-
titative analysis of the volume of contiguous hot and cold
spots.

Human observer studies that compare treatment plans,
or methods, against each other are quite rare in radiother-
apy literature. In external beam radiotherapy (EBRT), Pe-
tersson et al. (15) and Kyroudi et al. (16) used observer
studies based on pairwise comparisons to evaluate the per-
formance of different treatment techniques and different
treatment planning methods. Their data were analyzed us-
ing statistical methods for ordinal data, such as one-sided
sign tests and Pearson’s chi-squared test. In HDR BT, ob-
server studies have been used to compare different treat-
ment planning methods; one did not analyze the data with
statistical methods (17), one did hypothesis testing but did
not describe the method (18), and one used the paired two-
sided Wilcoxon signed-rank test (19).

In diagnostic radiology, human observer studies are
more common and used to compare the quality of images
from different imaging modalities or image acquisition set-
tings; this is referred to as visual grading. More precisely,
visual grading is when observers (here radiologists) assess
the visibility of specific anatomical structures, according
to well-defined criteria (20) on a predefined ordinal scale.
The assessment can be done pairwise, where the observer
grades one of the images in comparison to another image,
that is, the standard clinical protocol. Pairwise observer
studies may be preferred to increase sensitivity of appreci-
ating a small difference in image quality, if the difference
between images is expected to be small (21). The data
from visual grading studies can be analyzed using statisti-
cal methods for ordinal data, for example, ordinal logistic
regression (“visual grading regression”) (21).

In radiotherapy treatment planning, oncologists have ac-
cess to objective quantitative DVH information, but still vi-
sually evaluate the 3D dose distribution registered on the
patient anatomy. We argue that it is important to evaluate
both subjective and objective information when assessing
a dose distribution, and to adapt the analysis methodology
to the type of data used in either case.

The aim of this study is to assess the performance of the
postadjustment optimization tool on its capability to im-
prove the spatial properties of clinically approved prostate
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BT treatment plans. A quantitative comparison, using es-
tablished DVH parameters and the aforementioned mea-
sures of volumes of hot spots is performed on a larger
patient cohort than that used in a prior study (14). As a
complement, an observer study with radiation oncologists
is performed using visual grading statistical analysis tools
(21), novel within radiation therapy. To ensure a thorough
comparison, the RATING protocol (22) is applied.

Methods and materials

The study compares clinical treatment plans for prostate
cancer with treatment plans optimized with a postadjust-
ment tool. The two are denoted clinical and adjusted treat-
ment plans, respectively.

Patients

The patients were treated with a combined treatment of
50 Gy in 25 fractions (fx) with EBRT and a HDR BT
boost with 20 Gy in two fx (given 2 weeks apart: before,
after, or in the middle of the EBRT) in accordance with the
Swedish national care program (23). The study comprises
25 cases consecutively taken from previously treated pa-
tients at Linkoping University Hospital; only the first frac-
tion was used in this study. The patients had a mean plan-
ning target volume (PTV) of 40.4 cm?, ranging from 24.3
cm?® to 60.3 cm?. The treatment plans included on average
16 catheters, ranging from 11 to 19. The Swedish ethical
review authority has given consent to use the anonymized
patient data in the study (EPM 2020-03331).

Quantitative evaluation parameters

The treatment plans were evaluated using the DVH pa-
rameters proposed by GEC/ESTRO (24). For the PTV and
the clinical target volume (CTV), these are the dose that
90% of the volume receives (Dgyg) and the volume that
receives at least 100% of the prescribed dose (Vigos).
For the rectum, the dose to the hottest 2 cm?® (Da) is
used; for urethra, the dose to the hottest 0.1 cm?®, 10%
and 30% (Dg.1ce, D1o%, D3o%) are used. For PTV, the con-
formity index (COIN) (25), and the dose nonhomogeneity
ratio (DNR) (26) are used. The total reference air kerma
(TRAK) was taken from the TPS for all treatment plans.

In addition to these established measures available in the
clinical TPS, the contiguous volumes of hot spots, set at
level >200% of the prescription dose, were compared. To
calculate the hot spots the RT Dose-file was exported to
MATLAB (MathWorks, Inc, Natick, Massachusetts), and
the MATLAB function bwconncomp was used to calculate
the number of dose points in each hot spot.

Clinical treatment planning

Clinical treatment plans were created in BrachyVision
version 15.6 (Varian Medical Systems Inc, Palo Alto, Cali-
fornia) for a GammaMed Plus '92Ir source, by the medical
physicist participating in the treatment. Transrectal ultra-
sound (TRUS) images of the patients in the lipothomy po-
sition were recorded using a Flex Focus 400 (BK Medical
Holding Company, Inc, Burlington, MA), and a stepper
(Civco Medical Instruments Co Inc, Coralville, Lowa) us-
ing Vitesse version 2.5 (Varian Medical Systems Inc, Palo
Alto, California). A slice thickness of 1 mm was used. The
images were imported to BrachyVision, where oncologists
contoured the prostate — which here is equal to the CTV —
and the urethra. The PTV is contoured automatically with
a margin of 3 mm in all directions except the craniocaudal,
where no margin is added. The rectum is contoured as a 3
mm thick structure after the surface of the ultrasound (US)
probe. The urethra is contoured as a circle with a diameter
of 5 mm around the catheter in the urethra as seen on the
US images.

Treatment planning was performed with the aim of giv-
ing the PTV 10 Gy, as the national recommendation is
to treat the whole prostate gland. No information about
biopsy results and clinical staging was used in this study.
The needle placements were manually planned based on
a needle matrix. The inverse optimization tool AVOL (27)
was used for treatment planning, with a maximum dwell
time of 11 s and a minimum of 0.3 s for a nominal source
strength of 40.7 mGy/h. A template with objectives was
used for the inverse treatment planning. Manual adjust-
ments after the optimization are rare in the current clinical
practice at Linkoping University Hospital, but the objec-
tives of the inverse planning method are sometimes mod-
ified to improve the treatment plan. In some cases, the
planned needle placement could not be reached due to, for
example, the pelvic bones covering the prostate.

Treatment plans were anonymized when exported from
the TPS. All treatment plans were imported to a single
fictive patient in BrachyVision version 16.1, to make the
observer study more time effective. The treatment plans
were recalculated with its TG43 dose calculation algo-
rithm using a voxel size of 0.05 x 0.05 x 0.1 cm?® cover-
ing the whole image set. This was done to certify that all
treatment plans were calculated using the same version of
the algorithm, since the TPS underwent a software update
between the treatment of the patients and the study. The
treatment plans were named consecutively with a number
from 1 to 25.

Optimization tool

The optimization tool (14) was applied to the clinical
treatment plans in a research environment separate from
clinical systems. The tool has also recently been imple-
mented and evaluated in a research version of a clinical
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TPS (28). In the objective function of the tool, there are
penalties for each pair of PTV dose points in which the
doses are both too high or too low. The penalties are scaled
with the reciprocal quadratic Euclidean distances for the
pair of points. The penalties for both too high and too low
doses are based on sigmoid functions, which are smooth
approximations of the Heaviside step function. The value
of B, which controls the steepness of the slope of the sig-
moid function, was set to 2 for both high and low doses. A
higher value of 8 means that the sigmoid penalty function
is steeper. The weights controlling the trade-offs between
hot spots and cold spots were set to 1 and 0.6, respectively.
Dose thresholds for the sigmoid functions were set to 20
Gy (200% of the prescription dose) and 9.8 Gy for high
and low doses, respectively.

Constraints on dosimetric indices for PTV, CTV, and
OAR, as well as maximal doses to OAR and normal tissue,
were based on the values from the clinical plan. For the
PTYV, there were constraints on Dgy, Dgs and Dgg, and for
the CTV there was a constraint on Dgy, while for the rec-
tum and urethra there were constraints on the portion that
received at most 6 Gy and 10.7 Gy, respectively. Sigmoid
functions were used to formulate the DVH parameter con-
straints. Values of B8 were set to 4 for PTV, CTV and the
rectum, and 8 for the urethra. All the beta values were kept
from the previous study (14), in which they were tuned to
reproduce good approximations of the DVH parameters in
the clinical plans. The same dwell time constraints as for
the clinical plan were used.

The tuning of the parameters mentioned above was done
by optimizing 12 treatment plans. The prioritization of hot
and cold spots was modified in a trial-and-error manner
until the PTV and CTV coverage and the doses to the
OARs were in the same range as in the clinical treatment
plans, but with smaller hot and cold spots. The treatment
plans were compared using DVH parameters and by visual
inspection.

After postprocessing by the stand-alone optimization
tool (14), the adjusted treatment plans were imported back
to BrachyVision so that the final dose distributions were
calculated in the same way as the clinical treatment plans.

Observer study

An observer study was set up using Plan Evaluation
(Varian Medical Systems Inc, Palo Alto, California). Eight
oncologists — here called “observers” — from six clinics
and with at least 5 years of experience in treating HDR
prostate BT participated in the study. Each patient’s case
was placed in separate course named after its number. The
adjusted and the clinical treatment plans were randomly
named A and B and shown pairwise. The observers were
instructed to choose which of the two treatment plans they
would use to treat the patient with. No information about
the patient and their medical history was included. The
observers also graded treatment plan B compared to plan

A using three criteria: homogeneity (the distribution of hot
and cold spots), PTV coverage, and normal tissue sparing
(including OAR sparing). The detailed grading steps are
seen in Table 1.

Before the study, a meeting was held with the partic-
ipating observers to get a consensus regarding the inter-
pretation of the criteria and the grading steps. The ob-
servers were given individual scoresheets stating the order
in which the evaluations were to be performed. The or-
der was randomly chosen for each observer. The observers
were allowed to look at each patient case only once, and
not go back and review a case a second time. The obser-
vations were for the majority of observers done through
Zoom (Zoom Video Communications, Inc, San Jose, Cal-
ifornia). There was a possibility to comment on the treat-
ment plans. The observers decided, after their own clinical
practice, how they preferred the dose distributions to be
shown (color wash, isodose curves or a mix), which dose
levels to be shown and which DVH parameters to evaluate.

To evaluate the intraobserver reliability, two randomly
selected treatment plans, number 22 and 6, were included
twice as numbers 26 and 27. For each observer the re-
peated treatment plans were inserted so that there were 10
plans between the original and the copy.

A pilot study of 10 patient cases was performed before
the main study to test the workflow of the observer study
and the statistical analysis tools. The two observers in the
pilot study were not participating in the main study.

Statistical analysis

The statistical analysis of the DVH parameters was per-
formed in SPSS Statistics version 28 (IBM, Armonk, New
York) using a paired t-test. The significance level o was
set to 0.05.

In analysing the observer study a mixed-effects ordinal
logistic regression model was defined with observer and
patient identity as random effects (29). These statistical
calculations were performed in R, version 4.0.2 (The R
Foundation for Statistical Computing, Vienna, Austria) us-
ing the clmm command. The goodness of fit was reported
using McFadden’s pseudo R> (30). Interobserver and in-
traobserver reliabilities were described with the Fleiss’
kappa (k) and weighted kappa («xv), computed with SPSS.

Results

The quantitative information for the treatment plans is
presented in Table 2. The adjusted treatment plans are
equivalent to the clinical treatment plans on PTV cover-
age and rectal doses. There are significant changes in the
volumes of high doses (V509 and Vg for PTV) urethra
doses, with the adjusted treatment plans having smaller
values of Vispq and Voo and lower dose to the urethra.
There are also significant differences in COIN and DNR,
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Table 1
The grading steps for the observer study

411

Grading  Explanation

1 Confident that treatment plan B is better than treatment plan A.
2 Suspect that treatment plan B is better than treatment plan A.

3 The treatment plans are equivalent.

4 Suspect that treatment plan B is worse than treatment plan A.
5 Confident that treatment plan B is worse than treatment plan A.

Mean values of dosimetric indices, for the size (number of voxels) of the four largest contiguous hot spots (doses above 200% of the prescription
dose) and the total reference air kerma (TRAK) for the clinical treatment plans and the adjusted treatment plans. 7 test has been used for statistical
analysis with a significance level o of 0.05. The adjusted treatment plan is equal =; is better +, is worse -. A / shows when the adjusted
treatment plan fulfills what the post-adjustment aimed at

Clinical treatment plan Adjusted treatment plan p-value

PTV D90% 10.28 Gy + 0.42 10.30 Gy + 0.45 = 0.371

V100% 92.00% + 3.00 91.98% + 2.87 =4 0.711
V150% 29.73% + 2.52 27.61% + 3.05 - < 0.001
V200% 10.78% + 1.24 9.55% + 1.23 - < 0.001

CTV D90% 10.96 Gy + 0.17 10.99 Gy + 0.18 = 0.085

V100% 96.80% + 1.34 96.59% + 1.56 - 0.011

Rectum D2cc 3.52 Gy £+ 0.50 3.50 Gy + 0.49 = 0.366
Urethra DO.1cc 10.92 Gy + 0.07 10.86 Gy + 0.07 - < 0.001
D10% 10.96 Gy + 0.08 10.88 Gy + 0.08 - < 0.001

D30% 10.80 Gy + 0.07 10.80 Gy + 0.06 = 0.257
COIN 0.76 £ 0.03 0.78 £+ 0.03 +V < 0.001
DNR 0.32 £+ 0.03 0.30 + 0.04 +V < 0.001
TRAK (mGy at 1 m) 0.32 £ 0.03 0.30 &+ 0.04 +V < 0.001
Hot largest 4145 £ 2088 2674 £+ 1098 +V < 0.001
spots Second largest 3307 + 1475 2146 + 768 + < 0.001
Third largest 2120 £ 795 1622 + 537 +V < 0.001

Fourth largest 1585 + 647 1378 + 432 = 0.065

with the adjusted treatment plans having on average bet-
ter conformity (a higher COIN) and better homogeneity (a
lower DNR). The TRAK for the adjusted treatment plans
was on average significantly lower than for the clinical
plans.

From the analysis of the four largest hot spots, it can be
seen that the three largest ones are significantly smaller in
the adjusted plans. Figure 1 shows the data from Table 2 as
box plots of the relative difference between the clinical and
adjusted treatment plans; the largest changes are clearly in
the high dose regions (see Viso%, V2009 and volumes of
largest hotspots). Figure 2 is a cumulative histogram that
shows how the hot spots of all patient cases have been
reduced in size for the adjusted plans. For example, the
number of hot spots that contains more than 3000 dose
points are 35 for the clinical treatment plans and 12 for
the adjusted plans.

Figure 3 shows an example of the dose distribution and
the DVH that the observers graded. Seven of the observers
completed all the gradings that were asked for. One ob-
server made all the observations but did not answer all the
questions. The analysis was done on all the observations,
ending up with 215 grades for preferred plan, 213 for ho-
mogeneity, and 189 for PTV coverage and normal tissue
sparing. The observer study showed that the oncologists

preferred the adjusted treatment plan in 132 cases and the
clinical plan in 83 cases, including the doubly observed
cases (one patient observation was not done). The two lo-
cal oncologists chose the adjusted plan in 13 cases and
the clinical plan in 41 cases, while the other six oncolo-
gists chose the adjusted and the clinical plan in 118 and
41 cases, respectively. Two observers stood out: one chose
the adjusted treatment plan for only three patients, and one
chose the clinical treatment plan for only 2 patients. There
was only one patient case for which the adjusted treatment
plan was chosen by three observers; for all other patients
the adjusted treatment plan was chosen by four or more
observers. There was one case where all observers pre-
ferred the adjusted treatment plan, and two where all but
one observer preferred the adjusted plan.

Two of the treatment plans were judged twice by all
the observers. In 13 of the 16 double observations the
same treatment plan was chosen. The intraobserver relia-
bility ranged from 0.44 to 1.0, meaning moderate to almost
perfect agreement. The median weighted kappa was 0.84,
meaning an almost perfect agreement. The interobserver
reliability analysis showed no agreement (kappa < 0) to
slight agreement (kappa 0-0.20).

The gradings were also resorted to represent whether
the observers favored the adjusted or the clinical treatment
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Fig. 1. Boxplot for relative difference between the clinical treatment plans and the adjusted treatment plans for the dose volume histogram parameters
and the four largest contiguous hot spots. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)

Table 3

Mixed-effect ordinal regression results based on 216 comparisons of clinical and adjusted treatment plans. A positive regression

coefficient meaning the adjusted treatment plan is preferred

Criterion

Regression coefficient (b) e’

i}

p-value McFadden pseudo R?

for planning method £+ SE

Preferred planning method (adjusted vs. clinical)  0.474 £ 0.145 1.61  0.0011 0.037
Homogeneity 0.611 + 0.139 1.84  <0.0001 0.038
Planning target volume coverage -0.474 £ 0.169 0.62  0.0050 0.025
Organs at risk and normal tissue sparing 1.003 £ 0.202 273  <0.0001 0.087

4 e represent the odds ratio of the observer preferring the adjusted treatment plan versus the clinical.

N
o
]

--=Clinical
—Adjusted

S o o] o N
o o =] S o

N
o

Number of hot spots, all patients

0 L L e i ARANAAAN leccccoo ]
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Number of dose points

Fig. 2. Histogram over number of hot spots for the whole patient set as
function of their sizes as measured in number of dose points (proportional
to volume). (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

plan and presented as frequencies: Figure 4. For the ho-
mogeneity and the normal tissue sparing, there is a shift
toward favoring the adjusted treatment plan, and for the
PTV there is a shift toward favoring the clinical treatment
plan. As seen in Table 3, these trends correspond to sig-

nificant differences in the formal statistical testing with
mixed-effects ordinal logistic regression. The McFadden
pseudo R? are very low, indicating that there was limited
agreement among the observers which is also indicated by
the low Fleiss kappa. The preference for the adjusted plan
to the clinical plan was also statistically significant. All
the observers’ answers can be seen in the supplementary
material.

The RATING score (22) for the treatment plan compar-
ison is 91%. The RATING score sheet can be found in the
supplementary material.

Discussion

As shown in the quantitative analysis of the DVH pa-
rameters, the optimization tool preserves the PTV coverage
and improves the spatial properties of the treatment plans,
resulting in smaller high dose volumes. However, in the
observer study the PTV coverage was graded significantly
worse. This could be because the locations of the low dose
volumes were important to the observers, while the opti-
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right image showing the same slice of treatment plan B (adjusted). A dose volume histogram for both treatment plans is shown in the bottom image,
with the colors of the structures described. Note the difference of the 20 Gy isodoses (red isodoses) and the difference in the high doses in the dose
volume histogram. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. Frequency diagram for the gradings. The grading scales are: 1
— Confident that clinical treatment plan is better than the adjusted; 2
— Suspect that clinical treatment plan is better than the adjusted; 3 —
Treatment plans are equal; 4 — Suspect that clinical treatment plan is
worse than the adjusted; and 5 — Confident that clinical treatment plan
is worse than the adjusted. (For interpretation of the references to color
in this figure legend, the reader is referred to the Web version of this
article.)

mization algorithm does not have any location preferences.
It can also be seen that there is a significant difference in
Vigos for the CTV, with the adjusted treatment plan per-

forming slightly worse. The visual grading was performed
on the PTV, but the observer’s choices might also be af-
fected by the CTV coverage. The difference in Vg for
CTV is very small — only 0.21% for the mean value —
but even minor differences between the treatment plans
can affect the grading. It can be seen in Fig. 4 that the
most frequently chosen gradings are 2 and 3, indicating
that the observer noticed a change for the worse or grades
the plans equally with respect to PTV. The prioritization
between target coverage and OAR sparing does not seem
to be consistent between the observers.

The treatment plans differ by little with respect to Dy jcc
and Dygg, for urethra and Vg for CTV. It could be ques-
tioned whether these small changes are of clinical impor-
tance, even though they are statistically significant. The
differences for the hot spots were larger, which shows that
it is possible to achieve a more homogenous treatment plan
than that obtained by the initial inverse planning. As men-
tioned before, the clinical impact of hot spots is not proven
for prostate cancer. Other anatomical treatment sites such
as cervical cancer with more sensitive organs surrounding
the target and the tongue being a functional organ, could
have larger clinical benefit of the postadjustment tool. In
particular, interstitial breast treatment with HDR BT could
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benefit from this postadjustment tool, as it has been shown
that reducing V5o can reduce the incidence rate of fat
necrosis (11).

The postadjustment tool was tuned to retain the target
coverage and the OAR doses, and to find a more homoge-
nous treatment plan, with smaller hot spots. The tuning of
the optimization tool should be done to match each clinics’
needs.

In a treatment plan it is sometimes desirable to give a
focal boost, that is a higher dose, to a contoured region
such as a dominant intraprostatic lesion. The current post-
adjustment tool could then, after focal boost achieved by
initial inverse planning, be tuned to focus on minimizing
the hot/cold spots in that volume relative to the higher
dose levels prescribed there. It is also possible to con-
tour regions that are more sensitive and instruct the initial
inverse planning to focus more on such regions (e.g., pe-
ripheral zone of prostate), and then use the postadjustment
tool to decrease Vis0%, Va0o%, and the contiguous hot spots
there. The present recommendations by GEC/ESTRO is to
use focal boost for prostate only in clinical trials (24). Fur-
ther, the recommendations in our national guidelines are,
as specified above, to give a uniform dose to the target
volume, which is what the observers are used to seeing.
This study, aimed to evaluate the tool in a clinical envi-
ronment, is therefore focused on reducing hot spots in this
one target volume. Finally, the observer study is easier to
carry out if it is as close as possible to the clinical decision
making the observers are used to.

The interobserver reliability of this observer study was
poor. This could be interpreted as different clinics placing
different emphasis on different aspects of a treatment plan,
which could explain how the same difference in, for exam-
ple, homogeneity is graded differently by the observers. In
the audit by Dohlmar et al. (31), some clinics have plan-
ning aims for Vsg, but most do not state these types of
planning aims. The audit (31) also shows that the number
of catheters for the same prostate case differs between 14
and 18, and that V¢, for CTV depends on the number of
catheters. The observers could, therefore, be more used to
a certain number of hot spots from their clinical treatment
plans. The two observers from the clinic where the orig-
inal treatment plans come from clearly tended to choose
the clinical treatment plan, presumably since they resemble
the plans that they are used to approving clinically. One
of the local observers did indeed in all but three cases
choose the clinical treatment plan. The subgroup analysis
where the two local observers were removed did not, how-
ever, show more agreement in the interobserver reliability
analysis. Maree et al. (18) concluded that for three physi-
cians from the same clinic the preferred treatment plan was
observer-dependent. The number of observers participating
in an observer study is important. Even in this study, where
the observer agreement is poor, the rather high number of
observers is a strength, as it could have been harder to spot
this disagreement with too few observers.

Observer studies can be an important part of a treatment
plan comparison, as the properties of an optimal treatment
plan cannot be defined in terms of DVH parameters only.
Most of the radiobiological models do not take the spatial
properties of a treatment plan into account, giving the same
result for two treatment plans with the same DVH (10). But
different parts of the PTV can have different importance
for the observer. Prostate cancer is more often located in
the peripheral zone, making the coverage of that volume
more important. Maree ef al. (18) showed that their ob-
servers judged the treatment plans on “volumes with dose
higher than 200%, the activation of dwell positions near
the OARs, and the location of areas where the target was
not covered” in addition to the DVH parameters. Kyroudi
et al. (16) used an observer study to find the optimal part
of the Pareto front for EBRT prostate cancer treatments,
showing that the observers preferred treatment plans with
some PTV under-dosage, since these spared the rectum.

TRAK is a parameter that is often used to compare
treatment plans in cervical cancer. This parameter is an
estimate of the intensity of the treatment and is indepen-
dent of contouring uncertainties (32). A lower TRAK can
be translated to a smaller total volume being irradiated,
which, if the target coverage is the same, yields less radia-
tion to normal tissue. The TRAK for the adjusted treatment
plans were significantly lower than those of the clinical
plans, which would therefore have given the patients less
dose to the normal tissue.

A limitation of the observer study is that it did not
include any information about the individual patients, apart
from their anatomy. Information about cancer stage and
localization of the positive biopsies could have influenced
the grading of the treatment plans. Such information could
also have influenced the treatment planning in the clinical
setting, because of the importance of good coverage where
the positive biopsies are located.

Conclusion

The postadjustment optimization tool improves the spa-
tial properties of treatment plans and lowers urethral dose.
The three largest hot spots defined as >200% continu-
ously over-dosed volumes were reduced significantly, and
so were Visoq and Vigog. The observer study confirmed
the conclusions from the analysis of the DVH parame-
ters for all aspects but the PTV coverage. The PTV cov-
erage was, according to the observer study, worse after
the postadjustment, showing the importance of not relying
solely on DVH parameters when performing a treatment
plan comparison.
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