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Abstract

Purpose: To develop a user-friendly segmentation tool requiring minimal expert interaction to reduce physician workload
and improve reproducibility.

Methods: Sixteen treated meningiomas cases were manually contoured, then contoured using the JEI-LOGISMOS
(just-enough-interaction layered optimal graph image segmentation for multiple objects and surfaces) segmentation tool by
two central nervous system experts. Cases were randomly displayed for both manual and JEI-LOGISMOS analyses in several
sessions to avoid bias. Segmentation accuracy indices were determined as continuous variables: mean (+ standard deviations)
or median (and interquartile ranges [IQR]) where appropriate. Computer-analysis accuracy was evaluated using point-wise
3-dimensional (3D) surface distance errors and volumetric linear regression. To assess reproducibility, the Dice coefficient
along with 3D relative volume difference (RVD) were obtained. To evaluate the efficiency of the automated method, time re-
quired for automated contouring with JEI and manual contouring was compared using Wilcoxon signed-rank test.

Results: Our 3D LOGISMOS segmentations using JEI with both experts achieved subvoxel precision (voxel size ~1 mm)
for meningioma tumor surfaces (JEI signed error: 0.86 + 1.82 mm for expert 1,0.24 + 1.26 mm for expert 2) and provided ac-
curate volume measurements in comparison to manual contouring (volume regression: R2 =0.93, P <0.001 for expert 1,R2
=0.96, P <0.001 for expert 2). The interobserver variability of automated contouring showed better reproducibility compared
with manual contouring (Dice: 87.4% vs 83.6%; RVD: -1.1% vs 14.9%). Median time required for contouring cases was sig-
nificantly reduced for both experts (-204 seconds per case, P =0.01,46.5% faster for expert 1 and -228 seconds per case, P =
0.04,35.8% faster for expert 2).

Conclusion: Automated contouring using a JEI approach following the automated 3D LOGISMOS segmentation improves
reproducibility and efficiency of contouring for meningiomas. Volumes obtained using manual tracing and JEI-LOGISMOS
were highly comparable.
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eningiomas are benign neo-

plasms that originate from

the arachnoid layer of the
meninges surrounding the brain. They
are the fourth most common primary
brain tumor with a female predilec-
tion (2:1) associated with hormonal
stimulation of these tumors.!? Radio-
graphically, meningiomas appear as
conspicuous contrast-enhancing masses
on computed tomography (CT) and
MRI with relatively smooth borders,
and are attached to dural surfaces sur-
rounding brain. They may be calcified
and occasionally can invade or remodel
the surrounding bone. They can present
with neurologic symptoms generally
caused by mass effect on adjacent brain
structures rather than invasion into nor-
mal central nervous system tissue. Me-
ningioma mass effect symptoms are
usually dictated by location and can
include headaches and seizures, as well
as focal neurologic symptoms such as
weakness, numbness, pain or cranial
nerve deficits. They may also rarely re-
sult in global neurologic deterioration
from hydrocephalus or extreme mass
effect.! Unlike benign meningiomas,
atypical or malignant variants can in-
vade surrounding brain tissues directly .’
Meningiomas are also frequently found
incidentally on scans and, therefore,
may have no symptoms.

Surgical resection is the standard
treatment for meningiomas and results
in cure in more than 90% of cases when
complete excision is achieved.! How-
ever, when meningiomas are around
or directly involve critical neurologic
structures and cranial nerves of the
skull base, surgical resection can result
in profound morbidity. Direct involve-
ment of dural venous sinuses or the
cavernous sinus may complicate sur-
gical approaches.*> Hence, when me-
ningiomas are poorly resectable or the
patient is a poor candidate for resection,
radiosurgery has been shown to achieve
long-term control rates approaching
surgical excision outcomes.® Radiosur-

gery is a more convenient outpatient
procedure that may be particularly well-
suited for elderly or infirm patients.
Radiation is also used after incomplete
resection to prevent tumor regrowth or
if meningiomas are atypical or malig-
nant and, thus, have greater potential
for recurrence.” Therefore, radiation
therapy and radiosurgery are important
therapeutic modalities for these more
difficult-to-manage meningiomas and
are associated with control rates be-
tween 80% to 95% depending on the
size and subtype of meningioma.

Accurate identification of the tumor
target and anatomy through manual
contouring is a critical step in planning
radiosurgery or radiation therapy. Since
most meningiomas are benign, the gross
tumor volume (GTV) effectively de-
fines the target. Treatments generally
use minimal margins around meningi-
oma targets and radiation is most often
stereotactically delivered (single or
multifraction) or treatments use maxi-
mal precision image guidance for daily
fractionation. Currently, radiation on-
cologists manually identify and define
target lesions in a treatment planning
system based on MR imaging in the
vast majority of cases. Manually defined
tumor targets require significant physi-
cian time and effort. Furthermore, many
fine points of tumor growth along dural
surfaces may be overestimated or under-
estimated based on physician interpreta-
tion of the MR. Even the same physician
contouring the same lesion on different
occasions will show inconsistency in
these subtle interpretations while con-
touring.®!'° When lesions are complex
in shape and location, there is increased
variability in target definition among
different physicians as well as with the
same physician. Additionally, larger and
more complex lesions may take the phy-
sician an hour or more to contour manu-
ally and are also usually less consistently
well reproduced.

The development of an automated
segmentation tool has the potential to

both improve the consistency of con-
touring between and among different
radiation oncologists and improve the ef-
ficiency of contouring for radiation ther-
apy planning. While MR is used for this
contouring, these MR images are gen-
erally fused to a contrasted CT for dose
calculation. Primary contouring tasks
occur on the MR data set. Over the past
several years, algorithms, including at-
las-based contouring, machine learning
and shape/appearance methods became
the basis for the development of many
institution-specific segmentation tools.!!
These tools have shown the potential to
improve the workflow of head and neck,
breast, lung and abdomen cancer radia-
tion therapy planning.'?'6

In this study, we present a rapid, ro-
bust and highly accurate semi-automatic
tumor lesion contouring solution based
on layered optimal graph image segmen-
tation for multiple objects and surfaces
(LOGISMOS) with an optional just
enough interaction (JEI) postsegmenta-
tion editing of target surfaces.'” The al-
gorithm works through identification of a
lesion bounded by a spherical volume of
interest in which to establish the contour.
Using the imaging features or central
identified tumor, the algorithm performs
a graph-search optimization for surfaces
to identify the surface of the lesion where
the maximum change in intensity occurs.
In performing this function, a change at
one point may be propagated to redefine
the surface in 3 dimensions (3D) and
thereby avert the requirement for man-
ual slice-by-slice editing of contours. An
additional motivation for developing this
tool is the daily application of imaging
for treatment set-up accuracy using MR
linear accelerator (MR-linac) devices.
The ability to rapidly adapt contours in
3D planes simultaneously will be critical
for on-line segmentation that is essen-
tial for treatment plan adaptation at sev-
eral anatomic sites. While not directly
applied to this meningioma model, the
method may be applied to other images
with or without contrast. The approach
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FIGURE 1. LOGISMOS segmentation with just enough interaction (JEI). (A) A 2D example initialized by a circle. (B) 3D segmentation is initial-
ized by a geodesic sphere. (C) Merging of two 3D contours to form a complex new contour

has substantial capability to address these
needs for rapid adaptation of these non-
contrasted images although this is not
the primary goal of this report. Select
optimization of the algorithm for specific
applications will likely be needed. Our
current report addresses the capability in
the complex model of skull base, highly
irregular meningiomas with contrast MR.
The development of a framework for this
work through a JEI-LOGISMOS method
can fully leverage this new MR-linac
potential.

Developed at the Iowa Institute for
Biomedical Imaging, the LOGISMOS
segmentation framework facilitates
highly efficient multidimensional, multi-
layered, and multiobject optimum graph-
based segmentation and surface editing
on image data from various modalities
(CT, MR, ultrasound, optical coherence
tomography [OCT], etc.) with the cur-
rent report using MR. LOGISMOS has
previously demonstrated successful ap-
plications in cardiology, ophthalmology,
neuroscience, pulmonology, radiation
oncology and other areas.'3-??

Methods
Patient Selection and
Task Randomization

Sixteen patients treated for radio-
graphically presumed benign menin-
gioma with radiation therapy at the
authors’ institution were enrolled in
this IRB-approved retrospective im-
aging study. T1-weighted MRI data
were used. Each subject’s MR image
was contoured twice by each of three

physicians, once using manual con-
touring (Monaco, Elekta) and once
using JEI-LOGISMOS semi-automatic
segmentation. A total of 32 contouring
tasks per physician were generated for
this patient cohort. Manual or semi-
automated segmentation tasks were
assigned to each physician in random
order (manual vs semi-automated).
Manual and semi-automatic contour-
ing sessions for each case by the same
radiation oncologist were separated
temporally to minimize bias from the
radiation oncologist’s previous con-
touring session. After completing
sessions, significant agreement was
noted in manual contours between two
more experienced radiation oncolo-
gists specializing in central nervous
system (CNS) radiation therapy com-
pared with their non-CNS specializing
colleague. The manually traced con-
tours from this non-CNS specializing
physician were not used for results re-
porting, and related findings are pre-
sented in the discussion.

Overview of LOGISMOS and
JEI-LOGISMOS Algorithms

The automated LOGISMOS method
is initialized by the physician interac-
tively placing a sphere encompassing
the tumor. Starting from the center of
the sphere, columns of graph nodes
are constructed. Each graph node is
assigned a cost that represents the un-
likeness of the node being on the object
boundary. The LOGISMOS segmen-
tation finds the optimal set of graph

nodes, one per column, with minimum
total cost, thus defining the object sur-
face. During the search for the optimal
solution, prior knowledge such as the
shape and anatomy of the target con-
strains the segmentation so that it is the
one with minimum total cost among all
possible solutions that meet the con-
straints. If needed, errors in the auto-
mated segmentation may be corrected
by the user’s interaction with the 3D
LOGISMOS algorithm rather than by
slice-by-slice manual retracing (Fig-
ures 1A, 1B). This process uses our
JEI approach that considers the expert
hints pointing to the correct bound-
ary locations to modify the underlying
segmentation cost functions as needed
and searches for a new optimal solu-
tion in 3D under the modified cost. If
a significant amount is felt lacking an
alternative, the JEI approach is used to
identify the center of the area missed
and a sphere is placed over this area
subsequently, followed by repeating
the process above. Once this second
overlapping area is identified, a merge
of the contours can be accomplished
(Figure 1C). The completed contour
of the complex skull base meningioma
is shown in Figure 2.

Manual Contouring

Manual contouring was performed
in a Monaco Treatment Planning
System v5.19.03d (Elekta). The T1-
weighted contrast-enhanced MRI for
each subject was loaded in the contour-
ing session. The participating radiation
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FIGURE 2. (A) Manually placed sphere encompassing the target tumor by specifying the spherical region of interest. (B) Automated 3D seg-
mentation of the meningioma tumor surface. (C) Surface modification via just enough interaction. Top: The user manually identifies several
points in vicinity of which the correct surface should pass, defining a 2D line (cyan). The 2D line affects surface segmentation in 3D. Lower: The
resulting contour after JEI correction. Note that the contours on neighboring 2D slices (not shown) are also corrected.

oncologist used the manual contouring
tools, such as a paint brush or polygon
generation tool, as they would clinically,
on each axial slice of the MRI image.
The manual contouring was self-timed
using a watch or timed by a colleague
using a stopwatch; timing started when
the radiation oncologist made the first
mouse click on the image, and ended
when the radiation oncologist declared

the contouring concluded and clicked
the “save” button. The manual contours
were exported in DICOM format as local
files for further processing and analysis.

Semi-automatic Contouring
Semi-automatic contouring was
performed in RadOnco Analyzer,
an in-house software based on
the JEI-LOGISMO) algorithm as

described above. The preprocessed
T1-weighted contrast-enhanced MRI
for each subject was loaded in this
software. The participating radiation
oncologist searched the approximate
volumetric center of meningioma using
cross hairs, dropped a “Center” point, set
the maximum extent of contour search
region using a sphere visible in three
planar views (axial, sagittal and coronal)
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Table 1. Mean Signed and Unsigned Surface Errors, Volume Dice and
Relative Volume Differences of Segmentations in Comparison

Surface Metrics

Volume Metrics

Signed Unsigned Dice RVD

Errors (mm) Errors (mm)
Accuracy
Semi-automated vs Manual — Expert 1 0.86+1.82 1.30+1.61 80.5+8.1% -6.6 +£19.6%
Semi-automated vs Manual — Expert 2 0.24+ 1.26 0.86 +1.02 83.8+8.1% 8.5+19.8%
Reproducibility
Manual — Expert 1 vs Expert 2 -0.04+0.97 0.71+0.73 83.6 +5.8% 14.9+18.0%
Semi-automated — Expert 1 vs Expert2 ~ 0.61 +1.31 0.94+1.20 87.4+8.4% -1.1+16.6%
Manual vs Semi-automated (P value) 0.235 0.650 0.08 0.029

Pvalues provide statistical significance of manual and semi-automated reproducibility associated with specific comparison metrics, bold font depicts statis-
tical significance. RVD = relative volume differences.

(Figure 2A), and requested the soft-
ware to automatically find the boundary
of the meningioma (Figure 2B). JEI
editing was then performed if neces-
sary (Figure 2C). If additional regions
were needed as alternatives, this was
also included in the time. The timing
of the automatic contouring was also
recorded by stopwatch: timing started
after the radiation oncologist clicked on
the cross hairs to find the “Center” point
and stopped when the radiation oncol-
ogist clicked the “Finish” button. The
contours were automatically saved in an
analyzable format by the software.
Continuous variables are described
as mean (+ standard deviations) or me-
dian (and interquartile ranges [IQR])
where appropriate. To evaluate com-
puter-analysis accuracy and reproduc-
ibility, point-wise distance errors of
3D surfaces and Dice coefficient along
with relative volume difference (RVD)
of 3D volumes were reported and
compared with manual contouring by
paired t-test. To evaluate efficiency of
the semi-automated method, times re-
quired for automated contouring with
JEI-LOGISMOS and manual contour-
ing were compared using a mixed ef-
fects regression analysis with random
effects for experts and patients. The R
coding environment was employed for

statistical computing, while a P-value
of 0.05 denoted statistical significance.

Results
Accuracy and Reproducibility
of Automated Contouring

Both surface-positioning and volume
interobserver comparisons of obtained
segmentations (manual vs semi-auto-
mated) are given in Table 1. Segmen-
tations of cases using semi-automated
contouring achieved subvoxel preci-
sion on average (voxel size ~1 mm)
for surface differences compared with
manual contouring. When pairwise
comparing the reproducibility of man-
ual and semi-automated segmentations,
surface-positioning differences showed
no statistical differences (P > 0.2). The
same pairwise comparisons of Dice coef-
ficients of volumetric agreement showed
less strong but still no statistical differ-
ences (P =0.08). There was, however, a
statistically significant improvement in
relative volume reproducibility assessed
as RVD, showing the superiority of our
semi-automated approach (14.9 + 18.0
%vs1.1+16.6%,P<0.03).

Efficiency of Automated
Contouring

The required time to contour a sin-
gle meningioma using our automated

system with JEI editing and a Monaco
Treatment Planning System are given in
Table 2. The semi-automated contour-
ing process was significantly faster than
manual contouring for both experts (P
<0.001). To quantify the effort associ-
ated with the semi-automated method,
the median numbers of JEI edits used
by the two expert analysts were 1.5 and
13.6, respectively — correlating with the
longer analysis times of both the man-
ual and semi-automated segmentations
(but not better segmentation results) of
Expert 2 compared with Expert 1.

Discussion

Application of semi-automatic con-
touring tools can aid radiation oncol-
ogists in radiation therapy treatment
planning by improving consistency and
efficiency of contouring tumor lesions.
In this study, we demonstrate the utility
of the LOGISMOS-based segmentation
tool with JEI postprocessing in con-
touring complex meningiomas in T1-
weighted contrast-enhanced MRI.

Precision and Accuracy

The gold standard to measure tumor
contouring accuracy would be compari-
son with and confirmation by pathology.
This, however, is not feasible in most
cases, particularly in patients with CNS
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Table 2. Semi-Automated and Manual Contouring Time (IQR)
Required to Contour a Single Meningioma Lesion

Semi-automated Manual Semi-automated
Time (IQR) Time (IQR) vs. manual
in seconds in seconds Pvalue
Expert 1 235 (137 ~400) 439 (343 ~694) <0.001
Expert 2 408 (224 ~617) 636 (384 ~ 776) <0.001

All comparisons are statistically significant. IQR = interquartile ranges

tumors such as meningiomas. In simi-
lar studies evaluating autosegmentation
solutions, the consensus of manually
segmented volumes by expert physi-
cians is defined as the ground truths and
is used for validation.!! To evaluate the
accuracy and efficiency of our LOGIS-
MOS-JEI semi-automatic segmentation
tool, the consensus of the manual con-
tours of experienced radiation oncolo-
gists (Expert 1 and 2) is built for each
segmentation task and used as ground
truth for each case to validate the respec-
tive autosegmentations. Our study com-
pared the accuracy and reproducibility of
semi-automated segmentation vs manual
segmentation of a cohort with variably
complex skull-based and convexity me-
ningiomas. Even though the morphol-
ogies of the 16 analyzed lesions were
complex and diverse, our segmentation
tool remained robust, achieving surface
positioning errors and Dice agreements
indistinguishable between manual
tracing and semi-automated analysis.
Hence semi-automated JEI contours
produced were clinically identical to
that of standard-of-care manually pro-
duced contours. At the same time, the
reproducibility of the semi-automated
approach outperformed that of manual
tracing when comparing relative volume
differences. This demonstrates an ability
of the semi-automated segmentation tool
to improve inter-observer variability in
RVD in a case when tumor volume de-
lineation is performed by different ra-
diation oncologists. This feature of the

semi-automated approach will lead to
more consistent treatment planning and
potentially improved patient outcomes.

We believe we were able to achieve
such accuracy and precision due to our
base LOGISMOS algorithm coupled
with the JEI algorithm postprocessing.
LOGISMOS guarantees a volumetri-
cally optimal solution with respect to
the employed cost function in 3D (or
nD in general) will be produced. The
associated JEI steps provide an intuitive
and efficient mechanism that allows the
user to interact with the LOGISMOS
algorithm and thus affect the segmenta-
tion result in a volumetric fashion rather
than in a slice-by-slice fashion, thus
yielding the adjudicated surfaces with
minimal interaction efforts.

Improvements in automatic seg-
mentation to delineate meningiomas
for radiation therapy planning have not
been widely reported. There have been
different groups that investigated au-
tomatic segmentation algorithms for
meningioma detection and recognition.
In Hsieh et al a meningioma automated
segmentation tool was developed to di-
agnose brain tumors using MRI images.
This tool used an algorithm integrating
fuzzy-c-mean and region-growing tech-
nique.?® Similarly in Laukamp et al the
authors adapted a deep learning model
used for glioblastoma tumor detection
in MRI to detect meningiomas.>*?
Their results yielded similar segmenta-
tion accuracy statistics as our segmenta-
tion tool in this study.

Efficiency

Manual contouring for radiation
treatment planning is a time-consum-
ing process that can bottleneck ther-
apy delivery.!! The development of a
semi-automated tool that can produce
accurate segmentations can help radia-
tion oncologists drastically reduce the
time spent contouring. The two experts
who performed the contouring had dif-
ferent levels of contouring experience
as evidenced by their different average
contouring time. Using the automated
segmentation tool, both individuals re-
liably reduced the average amount of
time spent contouring while improv-
ing reproducibility, demonstrating the
tool’s consistent ability to decrease the
time to segment a tumor. The number
of specific types of contour-editing in-
stances (surface point vs a region need-
ing an alternative JEI segmentation for a
region that was felt to be missed) using
the JEI approach were not specifically
tracked as there was a clear decrease in
the total time spent on each segmenta-
tion task compared with manual seg-
mentation. All times included the entire
process of editing. In future studies,
it is would be interesting to track JEI
contour editing occurrences and eval-
uate the use of JEI editing in different
tumor pathologies and different imaging
modalities.

When compared to manual contour-
ing, consistent but varying degrees of
reduction in segmentation time were
reported by other organ-specific auto-
mated segmentation tools.!#1326-30 Ag
mentioned, while automatic segmen-
tation tools developed for meningioma
detection by other groups have been
reported, the efficiency of these tools
was not specifically studied. In a sep-
arate but similar experiment, Oguz et
al investigated the efficiency of the
LOGISMOS algorithm in automated
segmentation of rat brains and found
drastically decreased segmentation
time compared to neural network-based
methods or atlas-based methods.?
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Table 3. Segmentation Performance Improvement of Expert 3 when
Using the JEI-LOGISMOS Semi-Automated Tool
Signed Unsigned Dice RVD
Errors (mm) Errors (mm)
Manual analysis:
Expert 3 vs Experts 1 & 2 0.22+1.10 0.84+0.86 81.4% +6.2% 8.2% = 8.3%
Semi-automated analysis:
Expert 3 vs Experts 1 & 2 -0.27+1.20 0.80+1.08 88.0% = 7.2% -0.1% +7.4%
P-value 0.107 0.886 <0.001 0.017
Bold font depicts statistical significance. RVD = relative volume difference.
Advantages same time with each segmentation and ~ Limitations

The algorithm in the segmentation
tool presented in this study is packaged
in in-house software called RadOnco
Analyzer. This software is specifically
designed and optimized for radiation
oncologists to improve radiation ther-
apy planning. It features an intuitive
user interface that allowed users to
easily navigate the contouring process
despite varied levels of experience.
Another advantage of our algorithm is
it takes full advantage of the increased
use of MR-linacs in radiation treatment
delivery. MR produces images with
high soft-tissue contrast that particu-
larly lends itself to tumor lesion iden-
tification.!' Because we are studying
meningiomas in the skull base, convex-
ity, soft-tissue contrast and anatomy
variability are less affected by daily de-
formities caused by a patient’s position
during treatment. Lastly, the incorpora-
tion of JEI volumetric editing with our
LOGISMOS auto-segmentation tool
presents a distinct advantage over other
segmentation tools for real time adapta-
tion although this specific premise is not
tested in the current study. While many
commercial and institution-specific
segmentation tools perform efficiently
and accurately, most also require sig-
nificant additional time to edit the con-
tours separately and manually after
segmentations are completed by the
algorithm.'*3! With JEI-LOGISMOS,
fast and intuitive editing occurs at the

further complements the time saved by
automatic segmentation.

Impact on Performance of
Less Experienced Analysts

As mentioned earlier, one of the
recruited analysts (Expert 3) was a
non-CNS specializing radiation on-
cologist (also less experienced) and
the analyses were not included in the
above summarizing results due to the
observed tracing differences of manual
analysis when compared to more ex-
perienced CNS specialist colleagues.
We have, however, compared the level
of agreement of Expert 3 when using
fully manual and semi-automated
analysis with the analyses provided
by Experts 1 and 2. Table 3 shows
that our semi-automated approach ap-
plied by the less expert radiation on-
cologist had statistically significantly
improved agreement with more expert
contours compared with manual ef-
forts. These metrics were improved
using the semi-automated method with
analyses using Dice or RVD metrics
for comparison (P < 0.001 and P <
0.02, respectively). This is an import-
ant secondary outcome of our study,
demonstrating that our JEI-LOGIS-
MOS semi-automated analysis tool is
likely to have a highly positive impact
on accuracy as well as reproducibility
of volumetric analyses performed by
less expert colleagues.

While our analysis achieved statistical
significance, we believe we can continue
to improve the validity of our study by
increasing the sample size of our cohort
of meningioma patients as well as adding
the experience of other physicians. Po-
tential bias in case selection and potential
relative benefit for skull-base lesions vs
other lesions could also be considered. In
addition, the issue of applying in-house
software in a noncommercial non-FDA
approved tool will require additional
levels of validation for broad applicabil-
ity and to achieve full clinical relevance.
The application of specific tools to spe-
cific disease sites and imaging modali-
ties including multiparametric imaging
is also a challenge for radiation therapy
planning. Treatment planning software
currently does not comprehensively ad-
dress the needs for improved automated
and semi-automated routines for con-
touring and the best method to integrate
such tools is poorly defined.

The proposed approach is not free
of real-world technical limitations re-
sulting in logistical difficulty to incor-
porate a tool like this in an established
clinical workflow. Incorporation in any
established clinical workflow involves
many steps and the described tool re-
places just one of them. As a result, the
JEI-LOGISMOS semi-automated seg-
mentation must be properly interfaced
with the adjacent modules of the work-
flow. Such a step, however, requires
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cooperation by manufacturers of the
respective modules and workflows po-
tentially impacting regulatory approvals
of the entire workflow pipeline.

Future Work

Application of our semi-automated
algorithms for treatment planning tasks
with physician supervision is an im-
portant next step furthering the imple-
mentation of these tools. We believe
the MR-linac environment is ideal for
this application since the need for in-
creased efficiency and consistency is
compounded by the daily requirements
of treatment modifications. Expansion
of the patient cohort and testing group of
physicians will also be important. While
the LOGISMOS framework has been
successfully used to segment structures
known to have poor contrast uptake in-
cluding knee cartilage and the basal gan-
glia, it would be important in the future
to evaluate our algorithm in a noncon-
trast MRI environment.

Conclusion

Automated contouring using a JEI
approach following the automated LO-
GISMOS segmentation markedly im-
proves reproducibility and efficiency of
contouring for meningiomas. Evidence
also suggests that it may positively im-
prove segmentation performance of
less-expert analysts. Our study presents
a user-friendly and versatile tool with a
robust base algorithm allowing radiation
oncologists to efficiently plan radiation
treatment while improving accuracy.
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