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Abstract

Introduction NRG protocols for glioblastoma allow for clinical target volume (CTV) reductions at natural barriers; however,
literature examining CTV contouring and the relevant white matter pathways is lacking. This study proposes consensus
CTV guidelines, with a focus on areas of controversy while highlighting common errors in glioblastoma target delineation.
Methods Ten academic radiation oncologists specializing in brain tumor treatment contoured CTVs on four glioblas-
toma cases. CTV expansions were based on NRG trial guidelines. Contour consensus was assessed and summarized by
kappa statistics. A meeting was held to discuss the mathematically averaged contours and form consensus contours and
recommendations.

Results Contours of the cavity plus enhancement (mean kappa 0.69) and T2-FLAIR signal (mean kappa 0.74) showed moder-
ate to substantial agreement. Experts were asked to trim off anatomic barriers while respecting pathways of spread to develop
their CTVs. Submitted CTV_4600 (mean kappa 0.80) and CTV_6000 (mean kappa 0.81) contours showed substantial to
near perfect agreement. Simultaneous truth and performance level estimation (STAPLE) contours were then reviewed and
modified by group consensus. Anatomic trimming reduced the amount of total brain tissue planned for radiation targeting
by a 13.6% (range 8.7-17.9%) mean proportional reduction. Areas for close scrutiny of target delineation were described,
with accompanying recommendations.

Conclusions Consensus contouring guidelines were established based on expert contours. Careful delineation of anatomic
pathways and barriers to spread can spare radiation to uninvolved tissue without compromising target coverage. Further
study is necessary to accurately define optimal target volumes beyond isometric expansion techniques for individual patients.
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Introduction

Glioblastoma is the most common primary brain malignancy
in the adult population. Although little variance exists regard-
ing the recommendation of adjuvant chemoradiotherapy
[1], there is significant heterogeneity in radiotherapy target
delineation. Legacy trials utilized whole brain radiotherapy,
based on the surgical observation that even a non-dominant
hemispherectomy did not change the natural history of the
disease, with recurrences occurring in the contralateral hemi-
sphere, presumably through tumor cell migration across the
corpus callosum. Current European practice is a single clini-
cal target volume (CTV) based on the postoperative cavity
and surrounding enhancement, with a volumetric 2 cm CTV
expansion treated to 60 Gy, with consideration of the expan-
sion to cover the T2 or FLAIR abnormality [2]. Recent Radia-
tion Therapy Oncology Group (RTOG)/NRG volume recom-
mendations have remain relatively unchanged over the past
two decades, and are based upon autopsy series [3] as well as
studies examining MRI-guided stereotactic biopsies [4] dem-
onstrating that tumor cells can be found to the edge of the T2
hyperintensity and beyond. Therefore the initial phase (46 Gy)
consists of including the T2 or FLAIR abnormalities on the
post-operative MRI scan, plus a CTV margin of 2 cm, which
may be reduced around natural barriers to tumor growth such
as the skull, ventricles, falx, etc [5], with a subsequent boost
to 60 Gy.

RTOG/NRG protocols are commonly referenced by prac-
ticing physicians as well as trainees in radiation oncology to
guide their practice. While current RTOG/NRG protocols
define the anatomic borders of organs at risk such as the brain-
stem, they do not address complex issues such as normal tissue
exclusion near the brainstem or at the midline. Errors resulting
in excess coverage of not-at-risk normal tissue, or inappropri-
ate sparing of at-risk tissue, are commonly seen in contours
submitted for central review on clinical trials. Furthermore,
outside of mentor—mentee training guidance within individual
institutions, no common reference exists to uniformly guide the
crafting of glioblastoma CTVs; as a result significant variabil-
ity exists amongst institutions regarding glioblastoma contours
[6]. In the era of image-guided treatments, attempts at radia-
tion dose escalation, and movement to inclusion of particle
therapy in clinical practice, uniform delineation of CT Vs is of
paramount interest. Within this framework, a group of experts
in central nervous system radiation oncology was formed to
create a consensus document of glioblastoma contouring to
provide practical guidance for routine practice.
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Methods and materials

A group of radiation oncologists specializing in CNS dis-
eases was recruited during an NRG brain tumor meeting.
Two radiation oncologists (TJK and KPM) identified cases
submitted for central review on RTOG 0837 that provided
a representative sample of complex target/normal tissue
anatomy for contouring by the expert panel. The inves-
tigators were provided image sets of the selected cases
with fused pre- and post-operative axial T1 post-contrast
and axial T2-FLAIR MRI sequences co-registered to the
planning CT image set for contouring. Each physician
participant was then instructed to define CTVs using cur-
rently established NRG standard protocol guidelines of a
customized 2 cm CTV margins for the initial and boost
phases of treatment [5].

The investigators were asked to, as accurately as pos-
sible: (1) contour the initial and boost gross target volumes
(2) expand the gross target volumes to an initial volume
by 2 cm expansion of corresponding GTV for each phase
of treatment (3) customize the CTV to exclude expansions
into regions deemed not at-risk due to natural bounda-
ries of tumor spread. No further instruction on the natural
boundaries of spread was given, in line with the language
in current RTOG protocols.

In order to have uniform names of the volumes, con-
tours were crafted via the following protocol:

1) Contour “GTV2” (cavity + enhancement)

2) Contour “GTV1” (T2/FLAIR) ensuring that it encom-
passed all of GTV2 as well

3) Expand GTVI1 to be “CTV1” as defined by
(FLAIR) + 2 cm, limited to interior of brain tissue.
“CTV1” is not a treatment volume.

4) Copy CTV1 to create a new “CTV_4600"

5) Manually trim CTV_4600 based on anatomical barriers,
falx, ventricles, etc. This is a treatment volume.

6) Expand GTV2 by 2 cm to create “CTV2”, avoiding the
exterior of newly defined CTV_4600. “CTV2” is not a
treatment volume.

7) Copy CTV2 to create a new “CTV_6000"

8) Manually trim CTV_6000 based on anatomical barri-
ers, falx, ventricles, etc. This is a treatment volume. (It
is common that no further trimming of CTV_6000 is
necessary as it has already been restricted to the ana-
tomically limited CTV_4600)

Contours were submitted to the lead physicist (WRB),
linked to the underlying CT scan via DICOM export to the
IROC-St. Louis QA Center. Contours from each investi-
gator were then compared for agreement using the open-
source Computerized Environment for Radiation Research
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(CERR) software [7] implemented in MATLAB (Math-
Works, Natick, MA). The group’s contours were then
assessed using an expectation maximization algorithm
called Simultaneous Truth and Performance Level Estima-
tion (STAPLE) [8]. Kappa statistics with values between
+ 1 (perfect agreement) and — 1 (complete disagreement)
were generated for each of the CTV components. Kappa
values between 0.41 and 0.60 correspond to a moderate
level agreement, between 0.61 and 0.80 as substantial, and
between 0.81 and 1.0 as almost perfect [9]. The investiga-
tors met to review the submitted and STAPLE contours.
Areas of discrepant practice were identified, and discus-
sion was held to form consensus recommendations for
CTYV delineation at these challenging areas. These rec-
ommendations were then applied to further modify the
mathematically-generated STAPLE contours to result in
consensus CTV contours more respective of anatomic
considerations.

Results
CTV variability

Ten physicians were asked to participate and returned con-
tour sets; upon review one dataset was excluded for failure
to comply with the instructions. The variability of the con-
tours is quantitatively reported for all four cases in Table 1.
Contours of the GTV2 (cavity plus enhancement; mean
kappa 0.69) and GTV1 (T2-FLAIR signal; mean kappa
0.74) showed moderate to substantial agreement. Submitted
CTV_4600 (mean kappa 0.80) and CTV_6000 (mean kappa
0.81) contours showed substantial to near perfect agreement.
Case 1 (Fig. 1) was a right temporal tumor with a STAPLE
CTV1 of 487.1 cc (Fig. 1 h, green line); anatomic trimming
and application of recommendations resulted in a STAPLE
CTV_4600 of 441 cc (Fig. 1 h, blue line). Further modifica-
tion of the STAPLE contours led to a consensus CTV_4600
of 432.8 cc (Fig. 1h, orange line), representing an 11.1%
volumetric reduction from the untrimmed STAPLE CTV1.
Case 2 (Fig. 2) was a left frontal tumor with a STAPLE
CTV1 of 444.5 cc (Fig. 2g, h green line); anatomic trimming
and application of recommendations resulted in a STAPLE
CTV_4600 of 418.8 cc (not shown). Further modification
of the STAPLE contours led to a consensus CTV_4600 of
405.9 cc (Fig. 2g, h, orange line), representing an 8.7% volu-
metric reduction from the untrimmed STAPLE CTV1.
Case 3 (Fig. 3) was a right parietal tumor with a STAPLE
CTVI1 of 637.5 cc (Fig. 3 g, h green line); anatomic trim-
ming and application of recommendations resulted in a STA-
PLE CTV_4600 of 527.7 cc (not shown). Further modifica-
tion of the STAPLE contours led to a consensus CTV_4600

Table 1 STAPLE estimates on interobserver agreement sensitivity,
agreement specificity and kappa measures for each clinical case sce-
nario

Case 1: Right temporal

Structure Measure GTV1 GTV2 CTV_4600 CTV_6000
Sensitivity 88.8% 84.2% 92.4% 92.1%
Specificity 974% 97.0% 98.5% 97.1%
Volume min 127.9 3428 3829 179.2
Volume max 285.8 67.30 874.8 226.4
Volume mean 173.3  47.10 471.0 205.0
Volume SD 45.6  10.81 153.4 159
STAPLE volume 166.7 48.43  441.0 204.2
Kappa 078 0.74 0.81 0.84

Case 2: Left frontal

Structure Measure GTV1 GTV2 CTV_4600 CTV_6000
Sensitivity 85.5% 78.9% 87.4% 88.2%
Specificity 95.3% 96.9% 95.2% 97.1%
Volume min 72.1 252 324.8 202.1
Volume max 2679  68.0 788.7 336.7
Volume mean 1145 413 446.7 264.5
Volume SD 62.6 133 144.4 46.2
STAPLE volume 952 421 418.8 270.1
Kappa 0.63  0.66 0.72 0.79

Case 3: Right parietal

Structure Measure GTV1 GTV2 CVT_4600 CTV_6000
Sensitivity 88.3% 70.9% 91.7% 85.4%
Specificity 98.0% 97.6% 96.3% 96.2%
Volume min 159.7 1451 4484 196.9
Volume max 2332 4221 6545 312.8
Volume mean 189.7 29.72  538.6 245.7
Volume SD 22.6 9.98 66.3 41.7
STAPLE volume 196.8  32.17  527.7 253.7
Kappa 0.81 0.59 0.82 0.74

Case 4: Left temporal

Structure Measure GTV1 GTV2 CTV_4600 CTV_6000
Sensitivity 86.2% 87.5% 94.7% 93.6%
Specificity 96.4% 97.5% 95.8% 96.7%
Volume min 684 2894 2720 189.4
Volume max 1227  46.16 3723 218.2
Volume mean 81.5 38.70 2994 204.9
Volume SD 16.8 5.68 32.0 11.2
STAPLE volume 77.8  38.69  286.7 202.0
Kappa 074 0.78 0.84 0.85

of 523.7 cc (Fig. 3g, h, orange line), representing an 17.9%
volumetric reduction from the untrimmed STAPLE CTV1.

Case 4 (Fig. 4) was a left temporal tumor with a STA-
PLE CTV1 of 358.0 cc (Fig. 4f, g, h green line); anatomic
trimming and application of recommendations resulted in a
STAPLE CTV_4600 of 286.7 cc (Fig. 4f, blue line). Further
modification of the STAPLE contours led to a consensus
CTV_4600 of 297.5 cc (Fig. 4 g,h, orange line), representing
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Fig. 1 Right temporal glioblastoma. a, b show the contrast-
enhanced T1 MRI with GTV2 contours (cavity plus enhancement). ¢
CTV_6000 contours demonstrate variability at the interface with the
brainstem and optic structures. d the STAPLE GTV2 cavity contour
in pink and the consensus CTV_6000 contour. e, f show T2 FLAIR
MRI images with submitted GTV1 (FLAIR) contours and CTV_4600
contours. g CTV_4600 contours are demonstrated at level of brain-

GTV2 cavity
contours

CTV_4600
contours

"GTV1FLAIR
contours

Fig.2 Left frontal glioblastoma. a, b show the contrast-enhanced T1
MRI with GTV2 contours (cavity plus enhancement). ¢ CTV_6000
contours demonstrate variability at the interface with the ventricles.
d the consensus CTV_6000 contour e shows T2 FLAIR MRI images
with submitted GTV1 (FLAIR) contours f displays the CTV_4600
contours with significant variation at ventricle and corpus callo-
sum. g, h shows average GTV2 (pink=cavity plus enhancement)
and GTV1 (red=FLAIR) volumes in axial and coronal Tlc scans.
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CTV_6000
contours
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CTV_4600 STAPLE, consensus
contours CTV_4600

stem and optic nerves with significant variation. h CTV1 expansion
(without anatomic trimming) in green and mathematical STAPLE
contours in blue. The space between the green and orange consensus
CTV_4600 contour reflects anatomic trimming off the cerebellum
(white arrow) due to cerebellar falx, while maintaining inclusion of
optic and brainstem tissue in direct anatomic contiguity with the right
temporal T2 FLAIR signal

Consensus
CTV_6000 contour
P

CTV_6000
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,_

Consenss CV_4600 trimming
from averaged CTV1

CTV1 expansion (without anatomic trimming) in green. The space
between the green and orange consensus CTV_4600 contour reflect-
ing anatomic trimming at the ventricular interface (red arrows), the
interhemispheric falx (orange arrow) and pre-pontine cistern/pituitary
fossa region (blue arrow). Note in panel h inclusion within the orange
consensus CTV_4600 contour of the corpus callosum (white star)
and the optic chiasm (superior to the blue arrow) given their anatomic
contiguity with the red GTV1 (FLAIR) regions
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Fig.3 Right parietal glioblastoma. a, b Show the contrast-
enhanced T1 MRI with GTV2 contours (cavity plus enhancement).
¢ CTV_6000 contours demonstrate variability at the at ventricle and
corpus callosum d the STAPLE GTV2 cavity contour in pink and the
consensus CTV_6000 contour e shows T2 FLAIR MRI images with
submitted GTV1 (FLAIR) contours f displays the CTV_4600 con-
tours with significant variation at ventricle and corpus callosum. g,
h shows average GTV2 (pink=cavity plus enhancement) and GTV1
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Fig.4 Left temporal glioblastoma. a T1c MRI with submitted GTV2
(cavity plus enhancement) contours. b shows CTV_6000 contour
variation at the interface of the brainstem and temporal lobe while ¢
shows the averaged GTV2 volume (pink) with consensus CTV_6000
contour (purple) extending into contiguous brainstem. d T2-FLAIR
MRI with GTV1 (FLAIR) contours. ¢ CTV_4600 contours with
significant variation at the interface of the brainstem and temporal
lobe. The averaged GTV1 (FLAIR) contour is the smallest volume
in red. f shows averaged GTV2 (pink = cavity plus enhancement) and
GTV1 (red=FLAIR) volumes in axial Tlc scans. The blue contour
was the STAPLE CTV_4600 [averaged from contours in e], whereas
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Consenus CTV_4600 t‘rimming
from averaged CTV1

—

(red=FLAIR) volumes in axial and coronal T1c scans. CTV1 expan-
sion (without anatomic trimming) in green. The space between the
green and orange consensus CTV_4600 contour reflecting anatomic
trimming at the ventricular interface (red arrows), and the interhem-
ispheric falx (orange arrow). Note in h inclusion within the orange
consensus CTV_4600 contour of the corpus callosum overlying the
right lateral ventricle (white star)

Consensus
6000 Qntour

\

GTV1 FLAIR
CTV_

X \
T N

Consensus contours with
CTV_4600 contours trimming from averaged CTV1

the orange is the consensus CTV_4600, altered from the STAPLE
CTV_4600 to include the contiguous brainstem (hash) but trimmed
from the averaged CTV1 contour at the pre-pontine and quadrigemi-
nal cisterns (asterisks). g, h shows average GTV2 (pink=cavity plus
enhancement) and GTV1 (red=FLAIR) volumes (not present at
midline on sagittal plane). CTV1 expansion (without anatomic trim-
ming) in green. The space between the green and orange consensus
CTV_4600 contour reflects anatomic trimming off the cerebellum
(white arrow) due to cerebellar falx. Note the inclusion of brainstem
in direct anatomic contiguity via the cerebral peduncle
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an 16.9% volumetric reduction from the untrimmed STA-
PLE CTV1. Therefore, anatomical trimming reduced the
amount of total brain tissue planned for radiation targeting
by a mean of 66.8 cc (range 38.6—-113.9 cc) which repre-
sented a 13. 6% mean proportional reduction of the planned
volume (range 8.7-17.9%).

The contouring physicians then met to review the sub-
mitted contours and discuss areas of discrepancy. Areas
of discrepant contouring practice were noted primarily at
regions where clinical judgment varied between the practi-
tioners, with observations of the contouring variation at the
optic chiasm, brainstem, and interface with falxes prompting
description from individual physicians as to their handling
of these regions with respect to CTV delineation. These
practices were then collated and distributed to the physician
collaborative as a survey. The results were redistributed to
the physicians and consensus was voiced to adopt the results
as guideline recommendations (detailed below).

Furthermore during group review, discussion regarding
common pitfalls in glioblastoma contouring were described.
Recommendations to trainees included paying close atten-
tion to imaging registration between MRI and CT in the
region of disease, as well as utilization of coronal and sagit-
tal reconstructions to craft and review CTVs. Anatomic-
specific areas of CTV contouring mistakes routinely noted
are summarized in Table 2, and depicted where apparent
in Figs. 1, 2, 3 and 4. Of note, with acknowledgement that
many institutions have adopted a simultaneous integrated
boost approach utilizing 50 Gy and 60 Gy simultaneously
delivered over 30 fractions [10] the group endorsed exten-
sion of the below principles to be applied to that schema. For
consistency (with the submitted contour results) the below

recommendations are written in terms of the sequential
boost framework, and summarized in Table 3.

Optic chiasm/nerves

In the perichiasmatic region, there was consensus that
the pituitary gland could be routinely excluded from the
CTV_4600. However significant variability was noted
regarding inclusion of the optic chiasm in the CTV_4600.
Upon discussion, survey, and review of survey results the
following guidelines were adopted by consensus:

e Optic chiasm/nerve within 2 cm of T2-FLAIR signal
abnormality should be included in the CTV_4600 if in
anatomic contiguity with the FLAIR abnormality.

e Optic chiasm/nerve within 2 cm of T1-contrast signal
abnormality should be included in the CTV_6000 if
in anatomic contiguity with T1-contrast signal; cover
this region to a dose of approximately 54 Gy, to keep
PRV <55 Gy per current RTOG protocols given it may
represent subclinical disease. This constraint should be
prioritized over the 95% PTV coverage goal.

e Optic chiasm/nerve abutting gross disease should be
included in the CTV_6000; cover this region while
allowing Dmax on PRV to <60 Gy. This constraint
should be prioritized over the 95% PTV coverage goal.

Brainstem
Significant variability was noted regarding handling of the

brainstem interface with the thalamus for tumors that dem-
onstrated edema within <2 cm of this interface (see Fig. 1g).

Table 2 Common pitfalls in appropriate contouring of glioblastoma target volumes

Issue

Appropriate contour example

Failure to trim the infratentorial component of post-expansion CTV for
supratentorial (temporal, occipital) tumors

Failure to trim the contralateral hemisphere out of the post-expansion

CTYV, giving respect to the barrier that the interhemispheric falx repre-

sents to tumor spread

Over-aggressive trimming of the post-expansion CTV at the midline at
the level of the corpus callosum—the interhemispheric falx does not
continue caudally all the way to the top of the lateral ventricles, the

corpus callosum drapes over the ventricles, best appreciated in coronal

views

Over-aggressive trimming of the post-expansion CTV from the brain-
stem. While the ambient cistern separates the midbrain laterally from
the temporal lobe, tumors or FLAIR signal that involve the thalamus
have the potential for inferior spread down the cerebral peduncle into

the mid-brain. Review volumes in the coronal plane to ensure adequate

margin in this dimension

Lack of awareness of anterior and posterior commissures and intertha-
lamic adhesion and their potential role for contralateral tumor spread
in the vicinity of the third ventricle and thalamus

Figures 1h, and 4h, white arrows

Figures 2h, and 3g, h, orange arrows show appropriate trimming

Figures 2h, and 3h, star bounded by orange contours

Figures 1h and 4f. The difference between the blue averaged STAPLE

CTV_4600 and orange consensus contours [(#) in Fig. 4f] show area
to be properly included. Figure 4g depicts appropriate brainstem
inclusion in coronal plane

Figure 5c, red arrow

@ Springer
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Table 3 Guidelines for CTV delineation and planning goals in glioblastoma

Contour Definition/expansion Brainstem Optic Chiasm/nerve

GTV1 T2/FLAIR hyperintensity Include to the extent of the MRI abnor- Include to the extent of the MRI abnor-
mality involvement mality involvement

GTV2 Cavity plus T1c-enhancement Include to the extent of the MRI abnor- Include to the extent of the MRI abnor-

CTV_4600, 2 cm beyond both GTV1 and GTV2, with
anatomical trimming

CTV_6000 2 cm beyond GTV2, with anatomical
trimming

mality involvement
o Within 2 cm of T2-FLAIR should be
included if in anatomic contiguity

e Within 2 cm of T1-contrast should be
included if in anatomic contiguity; cover

mality involvement
e Within 2 cm of T2-FLAIR should be
included if in anatomic contiguity

e Within 2 cm of T1-contrast should be
included if in anatomic contiguity; cover

to ~54 Gy to keep brainstem PRV
DMax < 55 Gy

o Gross disease without margin
should=CTV_6000. Recommend to

to ~54 Gy, to keep PRV <55 Gy

¢ Gross disease abutting optic tissue
should be treated to ~60 Gy, allowing
Dmax on chiasm PRV up to 60 Gy

prescribe 2 cm of surrounding brain-
stem as CTV54. Respect RTOG “varia-
tion acceptable” brainstem core/surface
constraints (60, 64 Gy respectively)

These principles may also be applied to a simultaneous integrated boost approach of 50 Gy and 60 Gy all given in 30 fractions

STAPLE contours (see Fig. 1b, red arrow). Utilization of
coronal sequences (see Fig. 4g) was recommended to assist
delineation of this complex target region, respecting the
white matter tracts oriented in the craniocaudal dimension

(as shown in Fig. 5a, white arrows). Upon discussion, sur-
vey, and review of survey results the following guidelines
were adopted by consensus:

Fig.5 Representative MRIs and diffusion tensor imaging (DTI)
showing white matter tracts for consideration in glioblastoma. Red
indicates left-right pathways, blue indicates head-foot directionality,
and green highlights anterior-posterior. a the white arrows highlight
blue ascending/descending white matter tracts at the level of the thal-
amus. These tracts are often not respected caudally, with inappropri-
ate sparing of at-risk tissue below the level of the tentorial incisure.

b The body of the corpus callosum is highlighted as indicated by the
red pathways crossing midline. The falx cerebri is often inaccurately
assumed to extend caudally to the top of the lateral ventricles. ¢ Red
arrows highlight the anterior commissure, with the DTI image dem-
onstrating fibers in red that represent a white matter tract crossing
midline. Similar fibers exist in the posterior commissure and variably
in the interthalamic adhesion

@ Springer



Journal of Neuro-Oncology

e Brainstem within 2 cm of T2-FLAIR signal abnormal-
ity should be included in the CTV_4600 if in anatomic
contiguity

e Brainstem within 2 cm of T1-contrast signal abnormality
via the cerebral peduncle/thalamus should be included in
the CTV_6000; cover to ~54 Gy to keep brainstem PRV
DMax <55 Gy given it may represent subclinical disease.
This constraint should be prioritized over the 95% PTV
coverage goal.

e Brainstem gross disease without margin should be
included in the CTV_6000. It is recommended to contour
2 cm of surrounding brainstem as a CTV_5400, and treat
while respecting NRG “variation acceptable” brainstem
core/surface constraints (60, 64 Gy respectively). These
constraints should be prioritized over the 95% PTV cov-
erage goal.

Falx

Significant variability was noted regarding handling the
falx (see Fig. 3f posteriorly) Previous RTOG recommenda-
tions have stated that the CTV expansions may be reduced
to 5 mm beyond the falx in the contralateral hemisphere.
Upon discussion, survey, and review of survey results, the
following guideline was adopted by consensus:

e CTV expansions that cross the dura mater folds should be
trimmed directly to the falx (not 5 mm); assume the falx
is a hard barrier to tumor spread, as long as there is no
FLAIR or T2 abnormality crossing the corpus callosum.

Discussion

Radiotherapy plays a central role in the management of
glioblastoma, but significant controversy surrounds target
delineation recommendations. In spite of the well-known
propensity for disease spread up to several centimeters along
white matter tracts, many investigators advocate for smaller
margins than the expansions advocated by RTOG guide-
lines, attempting to minimize radiotherapy toxicity in the
CNS in terms of neurocognitive, vascular, and endocrine
impact [11-16]. Furthermore, significant publications have
outlined organs at risk and have suggested dose-volume
limitations to minimize normal tissue risk [17], including
the brainstem [18], visual apparatus [19], cochlea [20],
hippocampi, lenses, lacrimal glands, etc. While consensus
efforts have described the elective at-risk areas in other ana-
tomically complex sites such as the uninvolved neck in head-
and-neck cancer [21], the relevant anatomy with relation
to glioblastoma contouring is underreported in the litera-
ture. This effort demonstrates that through careful anatomic
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trimming a significant proportion of brain can be spared
from high-dose radiation delivery.

This consensus effort furthermore highlighted discrep-
ant areas of contour delineation between academic physi-
cians who have a clinical focus in CNS tumors. Upon close
review of individually submitted contours, discussions
regarding contouring practices revealed a lack of uniform
interpretation of current CTV delineation instructions at the
optic chiasm/nerve, brainstem interface, and falx (cerebelli
and cerebri). Through discussion, survey, and consensus
endorsement of subsequent majority recommendations we
have formulated guideline recommendations for CTV delin-
eation at these areas across a number of commonly encoun-
tered clinical scenarios. These guidelines will help reduce
clinical uncertainty that physicians face, and may provide
more uniform CTV delineation for upcoming clinical trials.

An important limitation is that this study did not attempt
to answer the question of how large of an isometric expan-
sion should be utilized, an active area of debate. A previous
South Korean examination of target delineation in glioblas-
toma demonstrated “substantial” agreement of submit-
ted CTVs (mean kappa of 0.65) across 15 institutions [6],
whereas our submitted CTVs showed “substantial to near
perfect” agreement (mean kappas of >0.80), likely reflect-
ing our usage of uniform 2 cm expansions before anatomic
trimming, negating one source of disagreement. Nonethe-
less in off-protocol treatment this question of CTV expan-
sions remains pertinent. Investigators from Emory [12] and
Wake Forest [14] have suggested that glioblastoma CTVs
may be reduced safely without compromising clinical out-
comes. Furthermore Buglione et al. demonstrated that larger
volumes of the brain receiving 57 Gy were associated with
higher rates of asthenia and leuko-encephalopathy, bol-
stering the rationale for smaller isometric expansions [1].
Additionally, a prospective randomized trial conducted in
European and U.S. centers examining temozolomide dosing
did not reveal outcome differences between those patients
treated with RTOG volumes as compared to smaller EORTC
volumes, further suggesting that more limited expansions
may not negatively impact patient outcomes [22]. To the
best of our knowledge, there is only one prospective rand-
omized trial, as yet unpublished in manuscript form, that has
asked this question and suggested similar recurrence patterns
regardless of planning margin [23].

While these examples demonstrate the debate over the
absolute magnitude of an isometric expansion in glioblas-
toma target delineation, our work highlights the impor-
tance of understanding the relevant neuroanatomy, with
respect to white matter tracts and anatomic barriers to
tumor spread. We demonstrated that significant volumes
of brain tissue can be spared (mean of 66.8 cc; a mean
proportional reduction of the target volume of 13.6%)
with attention to anatomic barriers to spread such as the
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tentorium cerebelli, falx cerebri, and lateral ventricles.
Furthermore, we have identified common areas of errant
target delineation based on our combined experience.
These errors are felt to be in part due to over-reliance on
axial slices alone for glioblastoma CTV delineation, and
utilization of coronal and sagittal slices was deemed essen-
tial for prudent target delineation.

While a “contouring atlas” was not felt to be feasible or
generalizable given the vast differences between individual
tumors in terms of involved anatomic regions, this work
highlights areas of relevant neuroanatomy that warrant
attention during isometric target expansion. The utilization
of isometric expansions as a starting point is an inherent
limitation of this work, as different tumor biology likely
renders any rote isometric expansion beyond conventional
MRI signals inaccurate for precise target risk delineation.
While not yet widely utilized, novel PET tracers such as
[''C] methionine [24] and FET-PET [25] hold the potential
to more accurately delineate anatomic regions at high risk
for harboring residual glioblastoma after resection. In fact,
in a recent small Phase IIb multicenter trial from Japan [26],
the synthetic amino acid, Fluciclovine, labeled with F-18
(known in the US as Axumin and used for imaging prostate
cancer) was compared with MR imaging in 40 patients with
clinically suspected high or low-grade gliomas undergoing
resection. Multiple targeted biopsies were obtained during
resection, using a neuro-navigation approach. The positive
predictive value of Axumin in T1-contrast negative, but
F-18 Fluciclovine positive regions was 26/26 (100%); in
general, these T1 non-enhancing regions were either in the
T2 abnormality or “normal” cortex, in the resection path. If
validated, such an approach could potentially be utilized to
determine which component of the T2/FLAIR abnormality
should be considerd in future contouring recommendations.
These methods, and other advanced radiologic techniques,
warrant continued investigation and prospective validation
as adjuncts for radiotherapy target delineations.

In conclusion, implementation of contouring guidelines
for the unique infiltrative nature of malignant glioblastoma
in the daily practice of radiation oncology is critical in the
milieu of decreasing target volume expansions, smaller
PTV due to daily image guidance and particle therapy; all
of which carry the risk of inadequate target dosing. Atten-
tion to these consensus guidelines and knowledge of com-
mon pitfalls holds the potential to improve tumor control,
minimize unneeded radiotherapy toxicity to tissue not at-
risk, and facilitate the success of multi-institutional trials
for infiltrative malignant glioblastoma. We welcome further
radiologic advances to assist in more informed CTV deline-
ation in this setting.
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