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Background: The survival rates of GBM patients have shown improvement. This increases the likelihood
of manifesting radiation induced sequelae such as neurocognitive dysfunction, alopecia, and memory loss.
This increases the focus on dosimetry of hippocampus, scalp, and normal brain. The present study was
designed to compare the dosimetric efficacy of two conformal techniques in terms of OAR’s sparing and
PTV coverage.

Materials and Methods: A total of 10 patients with GBM who had received radical radiotherapy by

geywords: 3DCRT technique were selected. A corresponding IMRT plan was generated for study purpose (n=20
]Z])leIQT plans). The dose prescribed to the PTV was 60 Gy in 30 fractions. Other than critical structures, additional
fMl(iT delineation of hippocampus, normal brain and skin was done. The dosimetric parameters of PTV and

OAR’s were compared amongst the two techniques.

Results: The IMRT technique led to significant advantage in PTV coverage, dose homogeneity and
conformity. A clear advantage with either technique could not be demonstrated in terms of point dose of
critical structures. The normal brain and scalp showed significant reduction in doses with IMRT technique.
The contralateral Hippocampal avoidance Zone also showed better sparing with IMRT technique but
significant difference could not be demonstrated.

Conclusion: The better coverage with IMRT technique was particularly observed in cases where PTV
was overlapping with critical OAR’S while in rest of the cases coverage was comparable amongst both
the techniques. The better sparing of scalp and normal brain may decrease the incidence of alopecia,
neurocognitive dysfunction that needs to be clinically validated in future studies.

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction risk (OAR’s) like brainstem, optic chiasma, optic nerves,
and eyes are well established but structures like scalp,
hippocampus and normal brain are not routinely considered
in radiotherapy planning. They have proven association with
alopecia, neurocognitive dysfunction, and memory loss and
that can have a profound impact on the patient’s quality of
life.#® This raises the importance of taking into account
these structures as additional OAR’s in radiation planning

along with other routine serial structures.

There has been an improvement in survival of Glioblastoma
multiforme (GBM) patients due to emerging novel
approaches like targeted therapy, immunotherapy and tumor
treating fields. !> Recent meta-analysis suggests that the two
and three year survival rates for GBM patients have nearly
doubled in the past 15 years.> This raises the concern about
treatment induced toxicity. Moreover, these toxicities may
add to the burden of disease itself in terms of distress and

psychiatric manifestations. The importance of Organs at
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The present study was designed to compare the
feasibility of preventing alopecia and neurocognitive
dysfunction in GBM patients by dosimetric analysis in
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3 Dimensional Conformal radiotherapy (3DCRT) and
Intensity Modulated Radiotherapy (IMRT) technique.

2. Material and Methods

Ten patients of GBM were selected who received radical
radiotherapy by 3DCRT technique. Patients in which the
post-operative bed or residual tumor was in close proximity
to critical serial structures were not included. For each
patient, a corresponding IMRT plan was generated where
the OAR’s and dose constraints were same as for 3DCRT
planning.

2.1. Delineation of additional OAR’s

Additional delineation of scalp, normal brain, hippocampus
was done for dosimetric analysis. The scalp was delineated
as outermost 3mm thickness from the outline of body. The
normal brain was defined as the part of the brain lying
outside the PTV. For Hippocampus, a Smm expansion was
taken for Hippocampal Avoidance Zone (HAZ).

The routine OAR’s (brainstem, optic chiasma, optic
nerves) had an expansion of 3 mm for defining the Planning
Risk Volumes (PRV).

2.2. Dose prescription and constraints

A dose of 60 Gy in 30 fractions was prescribed to the
planning target volume (PTV). The aim of planning was to
achieve dose to the PTV between 95 to 107% relative to the
prescribed dose.

The dose constraints for OAR’s were prescribed as per
EORTC recommendations.’

PRV Optic Chiasma Dmax < 55 Gy; PRV Brainstem
Dmax < 54 Gy, V59 Gy < 10 cc ; PRV Cochlea Dmean
< 45Gy; Lens < 6 -10 Gy; Eyes Dmax < 50 Gy, PRV Optic
Nerves Dmax < 54 Gy.

The additional OAR’s were not prescribed dose
constraints. The incidental dose being delivered by 3DCRT
and IMRT technique was analysed and compared.

2.3. Planning

2.3.1. 3DCRT planning

A three beam arrangement was used with a photon energy
of 6 MV. The beam orientation, weightage and angles of
beams were so chosen to minimize the entry dose through
normal brain. The plans were optimized using field in field
technique, enhanced dynamic wedges.

2.3.2. IMRT planning

A total of 5 to 6 beams coplanar beams were used.
Inverse planning was done and tissue inhomogeneities
were considered in the beam optimization process using
a progressive resolution optimizer (PRO) algorithm. The
calculation was carried out by the analytical anisotropic

algorithm (AAA). The maximum iteration limit was 1000
and the iteration time given was 1000 s. The plans were
calculated using dynamic Multileaf collimator (MLC) and
jaw tracking tools. No constraints were given for the scalp,
brain, hippocampus and HAZ in the optimization process.

2.3.3. Dosimetric analysis

Dose color wash and Dose Volume Histograms were
analyzed and compared amongst the two techniques for
PTV and OAR’s.

2.4. Statistical analysis

To compare baseline and outcomes for skewed parameters,
Wilcoxon Signed Ranks Test was used and for normally
distributed data, paired t test was used. A p value of <0.05
was considered statistically significant.

3. Results

The absolute tumor volume ranged from 230.4cc to 501.2
cc (mean - 353.5cc).

The comparison of dose volume parameters regarding
PTV has been shown in Table 1.

The dosimetry of PTV showed a significant advantage
in terms of dose coverage (V95, D95, D90), conformity
(p=0.0001) and homogeneity (p=0.003) with IMRT
technique. (Figures 1, 2, 3 and 4). The volume of overdosed
regions receiving more than 107% of the prescribed dose
were also significantly reduced with IMRT technique (p
=0.008).

The comparison of dosimetric parameters of OAR’s is
shown in Table 2. The Dmax of PRV brainstem was almost
similar in both the radiotherapy technqiues whereas Dmax
of PRV chiasma was significantly lower in IMRT technique.
The dose to ipsilateral HAZ in terms of Dmean, Dmax and
V20 was significantly lesser in 3DCRT technique while for
the contralateral HAZ, there was no statistically significant
change. There was no significant change in dosimetric
parameters of both eyes, lens, optic nerves and cochleas.

The normal brain tissue showed significant reduction
in the mean dose, V20 and V40 with IMRT technique.
Conversely, the low dose volume, V12 was significantly
higher with IMRT technique. The mean dose, V20 and V40
of skin also showed huge and significant reduction with
IMRT technique.

4. Discussion

The findings of present study favored IMRT in terms of dose
coverage of the PTV and sparing of normal brain, skin and
contralateral hippocampus. The shortcomings of 3DCRT
technique were huge dose deposition along the beam entry
path exposing OAR’s to high doses. Comparatively, in
IMRT technique the sharp dose gradient largely reduced the
exposure beyond PTV.
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Table 1: Showing comparison of dosimetric parameters of PTV

Dosimetric 3DCRT (Mean + SD) IMRT (Mean + SD) Paired Mean difference (95 % p value
Parameter orMedian (IQR) orMedian (IQR) Confidence Interval)
Vo5 92.51+6.82 97.83+1.66 -5.32(-9.31;-1.32) 0.015
D95 55.66+3.81 58.64+0.87 -2.98 (-5.43;- 0.53) 0.022
D90 57.57+£2.45 59.67+0.49 -2.09 (-3.64;-0.55) 0.013
D50 61.22+1.15 60.65+0.66 0.57 (-0.16;1.31) 0.114
Dmean 60.66+1.36 60.09+0.55 0.57 (-0.17;1.31) 0.119
D2 64.11+ 0.96 61.13+0.57 2.97 (2.24;3.71) <0.0001
D98 53.22+5.53 55.98+2.92 -2.75 (-5.89;0.38) 0.078
V107* 1.31(0.41,7.61) 0.00(0.00,0.00) - 0.008
CI 1.41+0.15 1.12+0.42 0.29(0.18;0.41) 0.0001
HI 0.18+0.08 0.09 £0.05 0.09 (0.04,0.14) 0.003
* - Median and interquartile range are reported
CI- Conformity Index, HI — Homogeneity Index, SD- Standard Deviation, IQR- Interquartile Range
Table 2: Showing comparison of dosimetric parameters of OAR’s.
OAR Dosimetric 3DCRT Mean = SD IMRT Mean + SD) or  Paired difference of p value
Parameter or Median (IQR) Median (IQR) Means (95 %
Confidence
Interval)
PRV Brainstem Dmax* 52.59 (43.94,54.00) 52.44 (41.91,53.25) - 0.214
PRV Chiasma Dmax 49.52+11.42 46.36+13.45 3.16(5.41,9.31) 0.000
Hippocampus /L Dmax* 45.22 (17.37,58.66) 56.00 (25.34,61.25) - 0.013
V3* 100.00(100.00,100.00)  100.00 (100.00,100.00) - 0.317
Hippocampus C/L Dmax* 34.03(6.32,51.60) 21.50(14.82, 45.63) - 0.721
V3* 100(94.95,100) 100.00(100.00,100.00) - 0.593
HAZ 1/L Dmean* 19.87(10.62,47.18) 32.50(17.00,54.35) - 0.005
Dmax 50.35+10.82 54.53+10.45 -4.18(-7.79,-0.56) 0.001
V20* 32.93(4.92,99.97) 86.00(39.75,100.00) - 0.012
HAZ C/L Dmean* 15.12(4.47,41.11) 15.00 (8.94,27.33) - 0.386
Dmax* 42.80 (18.37,54.14) 29.00 (20.87,48.14) - 0.09
V20* 24.20(0.00,93.97) 19.00(0.03,61.50) - 0.260
Eye /L Dmax* 16.19(3.53,49.23) 20.50(5.06,41.00) - 0.575
Eye C/L Dmax* 9.44(2.51,25.32) 12.50(4.92,23.85) - 0.683
Lens I/L Dmax* 2.89(1.78,7.28) 4.50 (1.17,6.25) - 0.802
Lens C/L Dmax* 2.22 (1.49,4.30) 3.00 (1.71,5.90) - 0.062
PRV Optic Nerve Dmax* 18.28 (5.30,46.67) 31.50 (4.50,47.75) - 0.447
I/L
PRV Optic Nerve Dmax* 12.02(3.62,34.26) 16.00(2.94,21.11) - 0.047
C/L
PRV Cochlea I/L Dmean* 2.81(1.53,14.41) 2.00(1.89,10.14) - 0.327
PRV Cochlea C/L Dmean* 2.36(1.24,4.61) 2.50(1.09,3.08) - 0.066
Brain - PTV Dmean 24.85+6.99 22.13+4.00 2.72 (0.03,5.41) 0.000
V12 53.62+18.47 68.12+13.08 -14.49(-21.94,-7.03) 0.003
V20 45.82+17.77 49.55+11.51 -3.73(-9.16,1.70) 0.000
V40 35.56+12.26 15.27+4.78 20.29(13.97,26.61) 0.004
Scalp Dmean 16.14+2.60 7.52+2.10 8.62 (6.39,10.84) 0.002
V20 18.36+5.85 13.07+5.19 5.29 (0.09,10.48) <0.0001
V40 5.73+£3.04 2.80+1.93 2.93 0.0004

* Median and interquartile range are reported, I/L- Ipsilateral, C/L - Contralateral
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Fig. 1: Beam arrangement and 95% dose color wash of 3DCRT
technique (sagittal section)

Fig. 2: Beam arrangement and 95% dose color wash of IMRT
technique (sagittal section)

Fig. 3: Beam arrangement and 95% dose color wash of 3DCRT
technique (axial section)

Fig. 4: Beam arrangement and 95% dose color wash of IMRT
technique (axial section)

PTV- Light blue, Brainstem - Brown with yellow outline outside
denoting 3mm PRV, Scalp- Yellow strip taken as 3mm thickness
from body contour, Brain- Yellow outline inside skull cropped
from the PTV.(Figures 1, 2, 3 and 4)

The study demonstrated significant advantage in PTV
coverage with IMRT technique but in patients where PTV
was not overlapping with critical structures, the coverage
with both the techniques was nearly comparable. Also,
the Dsp that is an important predictor of target volume
coverage failed to elicit any significant advantage with
IMRT technique along with the mean dose. Thus, the
advantage of IMRT in terms of PTV coverage was not
uniform amongst all the patients. Although, we excluded the
patients with tumor or post-operative bed in proximity with
critical structures to avoid bias in favor of IMRT technique
but a margin of 2 cms for the CTV led to inclusion of small
volumes of critical OAR’s in the PTV.

In terms of critical OARs, both techniques showed nearly
identical results.

Radiation induced hippocampal damage has a strong
association with cognitive decline, memory dysfunction,
and processing spatial information. This demands
jurisdiction of the planning practices to provide its
maximal possible avoidance.

We found ipsilateral HAZ sparing was better with
3DCRT technique. In the present study, no dose constraint
was given for ipsilateral HAZ sparing and hence the true
potential of IMRT in ipsilateral HAZ sparing could not be
determined. Retrospective evidence suggests that sparing of
HAZ within the PTV does not impact the recurrence and
survival outcomes where IMRT technique would possibly
play a key role.® But strong evidence is presently lacking to
support prioritization of HAZ over PTV.



252 Mehta, Kumar and Navitha / Indian Journal of Pathology and Oncology 2021;8(2):248-253

Although significant difference could not be
demonstrated in dosimetry of contralateral HAZ amongst
3DCRT and IMRT technique but the mean doses and
V20 of Contralateral HAZ demonstrated somewhat better
sparing with IMRT technique. Unlike normal brain and
scalp, significant sparing could not be obtained as a
very small volume of HAZ had huge impact of entry
dose. This possibly demands exploitation of the beam
optimization property of IMRT technique and utilization of
non-coplanar beams avoiding entry dose. This was proved
in a study by Soydemir GP et al. where hippocampal
sparing was significantly improved with optimized IMRT
plans compared to standard IMRT plans.’

The sparing of normal brain at medium and high doses
was tremendous despite a single light weighted beam
traversing through contralateral brain in 3DCRT plans
compared to multiple beams in IMRT plans. Although,
in 3DCRT plans we optimized the angle and weightage
of beams in 3DCRT plans to minimize normal brain
dose but in IMRT plans it was not intruded in beam
optimization process. The reason for better sparing is the
conformity of IMRT plans masked the impact of increased
entry dose through multibeam arrangement. Radiation
induced irreversible delayed brain injury is known to
occur six months after radiation leading to white matter
necrosis, vascular abnormalities, permanent demyelination,
gliosis manifesting as neurocognitive sequelae.'® With
advancements in radiotherapy techniques and incorporation
of newer targeted therapy in the management of GBM
patients, the survivals are increasing. Therefore, a large
proportion of the patients are likely to manifest this sequelae
and the recognition of IMRT technique becomes a key
consideration. Recent meta-analysis suggests improvement
of two and three year survival rates to 18% and
11% respectively.! Radiation induced neurocognitive
dysfunction is a major challenge for these surviving
patients.

A study by Lawrence Y R et al. analyzed acute and
late > grade 3 neurological toxicities in a total of 2761
patients receiving chemoradiation that were recruited in 14
RTOG trials. The vast majority of the patients that is 86%
had GBM. Remarkably, the acute neurological toxicities
following radiation significantly predicted for occurrence
of late toxicities and poorer overall survival, independent
of recursive partitioning analysis class.!! Given the impact
of neurocognitive decline on survival outcomes and its
enormous burden on quality of life for surviving patients,
the dosimetry of normal brain is crucial.

The IMRT technique also led to significant benefit in
terms of scalp sparing. The V20 and V40 have been proved
to be strong predictors of acute and chronic radiation
induced alopecia respectively.” Both the parameters were
significantly lesser in IMRT technique. Persistent alopecia

after six months of radiation affects approximately 60% of
patients. Patchy alopecia is the most commonly observed

pattern following radiation.'? Tt leads to huge cosmetic
disfigurement.

Alopecia adversely affects psychological functioning
manifesting as anxiety and depression, diminution of sense
of well-being, self and identity. It has been described as
one of the most distressing adverse events of cancer therapy
and available treatment options have limited efficacy.!3
This makes it a key concern in radiation planning in
the dosimetric parameters of scalp have significantly
lower radiation doses by IMRT technique which clearly
emphasizes the advantage of IMRT over 3DCRT technique.
These dosimetric parameters are the computer generated
data which needs clinical validation in terms of prevention
of alopecia.

A dosimetric study by Mac Donald S et al. and Lorentini
et al. also validated the findings of our study with significant
improvement in target coverage and normal brain sparing
with IMRT technique over 3DCRT technique. '3

Our study proved a significant sparing of skin and
normal brain with IMRT technique despite the fact that
they were not accounted in the beam optimization process.
This highlights that the volume of these OAR’s outside
the PTV are itself accounted as avoidance structures by
IMRT technique. This advantage of decreasing the dose to
scalp, brain and hippocampus may be further enhanced by
optimization.

The present study with existing literature supports the
dosimetric superiority of IMRT technique for OAR’s —
brain, hippocampus, and scalp which are not routinely
considered in radiation planning. This needs to be clinically
validated in future studies with a larger sample size.

5. Conclusion

3DCRT has been considered the standard technique for
GBM. With increasing survivals of GBM, the psychosocial
factor of alopecia and neurocognitive dysfunction needs
consideration. The present study demonstrates that IMRT
technique has the potential for significantly better sparing
of normal brain, scalp and possible hippocampal avoidance.

6. Source of Funding

None.

7. Conflict of Interest

The authors declare that there is no conflict of interest.

References

1. Zhu P, Du XL, Lu G, Zhu JJ. Survival benefit of glioblastoma
patients after FDA approval of temozolomide concomitant with
radiation and bevacizumab: A population-based study. Oncotarget.
2017;8(27):44015-31. for:TU.T8632/oncotarget. 17054,

2. Burri S, Gondi V, Brown PD, Mehta MP. The Evolving Role of
Tumor Treating Fields in Managing Glioblastoma. Am J Clin Oncol.
2018;41(2):191-6. HEarTI T 7Zcoc 000000000000 39,



http://dx.doi.org/10.18632/oncotarget.17054
http://dx.doi.org/10.1097/coc.0000000000000395

10.

Mehta, Kumar and Navitha / Indian Journal of Pathology and Oncology 2021;8(2):248-253

. Poon MTC, Sudlow CLM, Figueroa JD, Brennan PM. Longer-term

(>2 years) survival in patients with glioblastoma in population-based
studies pre- and post-2005: a systematic review and meta-analysis. Sci
Rep. 2020;10(1). BEorTITO3RSATSIRPOEAROTTA.

. Phillips GS, Freret ME, Friedman DN, Trelles S, Kukoyi O, Freites-

Martinez A, et al. Assessment and Treatment Outcomes of Persistent
Radiation-Induced Alopecia in Patientﬂ With Cancer. JAMA Dermatol.
2020;156(9):963-72. :

. Farjam R, Pramanik P, Aryal MP Srinivasan A, Chapman CH Tsien

CI, et al. A Radiation-Induced Hippocampal Vascular Injury Surrogate
Marker Predicts Late Neurocognitive Dysfunction. Int J Radiat Oncol.
2015;93(4):908-15. Hor:10-T0T6/1-1jrobp.2015.03.014.

. Bergo E, Lombardi G, Guglieri I, Capovilla E, Pambuku A, Zagone

V. Neurocognitive functions and health-related quality of life in
glioblastoma patients: a concise review of the literature. Eur J Cancer
Care. 2019;28(1):e12410. HorTO 7ecce 17717

. Scoccianti S, Simontacchi G, Greto D, Perna M, Terziani F, Talamonti

C, et al. Dosimetric Predictors of Acute and Chronic Alopecia in
Primary Brain Cancer Patients Treated With Volumetric Modulated
Arc Therapy. Front Oncol. 2020;10:10. BEorT033R9fonc 2070 00468

. Huilgol N, Haneefa A, Dusane RR, Saluja V, Sridhar CR.

Retrospective analysis of patients of glioblastoma multiforme treated
with stem cell sparing intensity-modulated radiation therapy and
nonstem cell sparing three-dimensional conformal radiation therapy:
A single-institution experience. J Radiat Cancer Res. 2018;9(3):114—
8. o TUATU37jrerjrer 15 13.

. Soydemir GP, Bilici N, Tiken EE, Balkanay AY, Sisman AF,

Karacetin D. Hippocampal sparing for brain tumor radiotherapy: A
retrospective study comparing intensity-modulated radiotherapy and
volumetric-modulated arc therapy. J Cancer Res Ther. 2021;17(1):99.

pgo1: 10.4105/7jert.jert 52 13.

Turnquist C, Harris BT, Harris CC. Radiation-induced
brain injury: current concepts and therapeutic strategies
targeting neuroinflammation. Neuro-Oncol Adv. 2020;2(1).

For:T0-T093/moanl/vdaals 4.

11.

12.

13.

14.

15.

253

Lawrence YR, Wang M, Dicker AP, Andrews D, Curran WIJ,
Michalski JM. Early toxicity predicts long-term survival
in high-grade glioma. Br J Cancer. 2011;104(9):1365-71.
[101: 10.1033/b1C.20 .

Phillips GS, Freret ME, Friedman DN, Trelles S, Kukoyi O, Freites-
Martinez A, et al. Assessment and Treatment Outcomes of Persistent
Radiation-Induced Alopecia in Patients With Cancer. JAMA Dermatol.
2020;156(9):963. Hor10-T0UT/Tamadermatol.2020-2127.
Hunt N, McHale S. The psychological impact of alopecia.
2005;331(7522):951-3. For:TUTT36/bm].331.7522951].
MacDonald SM, Ahmad S, Kachris S, Vogds BJ, DeRouen M,
Gitttleman AE, et al. Intensity modulated radiation therapy versus
three-dimensional conformal radiation therapy for the treatment of
high grade glioma: a dosimetric comparison. J Appl Clin Med Phys.
2007:8(2):47-60. [OCTU T ZUECIDYEIZZA73.

Lorentini S, Amelio D, Giri MG, Fellin F, Meliado G, Rizzotti A,
et al. IMRT or 3D-CRT in Glioblastoma? A Dosimetric Criterion
for Patient Selection. Technol Cancer Res Treat. 2013;12(5):411-20.

Hor 10 77X5/Acrf 2017 500341

BMJ.

Author biography

Ankita Mehta, Senior Resident

Piyush Kumar, Professor and Head

S Navitha, Assistant Professor cum Medical Physicist

Cite this article: Mehta A, Kumar P, Navitha S. Alopecia and
neurocognitive dysfunction in Glioblastoma multiforme patients-
Prevention feasibillity by dosimetric analysis in conformal radiotherapy
techniques. Indian J Pathol Oncol 2021;8(2):248-253.



http://dx.doi.org/10.1038/s41598-020-68011-4
http://dx.doi.org/10.1001/jamadermatol.2020.2127
http://dx.doi.org/10.1016/j.ijrobp.2015.08.014
http://dx.doi.org/10.1111/ecc.12410
http://dx.doi.org/10.3389/fonc.2020.00467
http://dx.doi.org/10.4103/jrcr.jrcr_15_18
http://dx.doi.org/10.4103/jcrt.jcrt_32_19
http://dx.doi.org/10.1093/noajnl/vdaa057
http://dx.doi.org/10.1038/bjc.2011.123
http://dx.doi.org/10.1001/jamadermatol.2020.2127
http://dx.doi.org/10.1136/bmj.331.7522.951
http://dx.doi.org/10.1120/jacmp.v8i2.2423
http://dx.doi.org/10.7785/tcrt.2012.500341

	Introduction
	Material and Methods
	Delineation of additional OAR's
	Dose prescription and constraints
	Planning
	3DCRT planning
	IMRT planning
	Dosimetric analysis

	Statistical analysis

	Results
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

