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ABSTRACT

Background: Spatially Fractionated Radiotherapy (SFRT) can be implemented
using Volumetric-Modulated Arc Therapy (VMAT) in either two-dimensional (2D) or
three-dimensional (3D) configurations.

Objective: This study aimed to compare the dosimetric and clinical outcomes of
two VMAT-based SFRT techniques for large lung tumors.

Material and Methods: In this experimental study, SFRT plans were designed
for each patient using cylindrical and spherical grid targets. Single-fraction prescription
doses of 15 and 20 Gy were delivered to the grid target isocenters using 6 MV Flatten-
ing-filter-free (FFF) photon beams.

Results: The 2D SFRT plan demonstrated higher Gross Tumor Volume (GTV) mean
dose, GTV Equivalent Uniform Dose (EUD), and Valley-to-peak Dose ratio (VPDR)
compared to the 3D lattice plan. However, the 3D Lattice Radiotherapy (3D-LRT) tech-
nique provided a better therapeutic ratio and more uniform valley-peak dose distribu-
tion. Both plans demonstrated therapeutic ratios greater than one with minimal Normal
Tissue Complication Probability (NTCP).

Conclusion: Both 2D and 3D lattice VMAT-based SFRT techniques effectively
delivered high radiation doses with steep dose gradients within the GTV, minimizing
normal tissue exposure and reducing the risk of complications.
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Introduction
patially Fractionated Radiotherapy (SFRT) is an advanced tech-
nique that delivers high radiation doses, typically 15-20 Gy, to
alternating regions of high and low doses within the Gross Tumor
Volume (GTV) [1-4]. This approach is particularly beneficial for large,
unresectable, and radio-resistant tumors, which present significant chal-
lenges when treated with conventional radiotherapy due to toxicity and
dose-response limitations [5-7]. SFRT provides a high therapeutic ratio
with minimal adverse effects in treating such tumors [5, 8-10].
In conventional SFRT, grid blocks or Multi-leaf Collimator (MLC)
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systems are commonly used to generate a grid
pattern. Although these methods have shown
effectiveness in many cases, two-dimension-
al (2D) fields face limitations when treat-
ing deep tumors within the body. Since they
rely on a single treatment field, the desired
dose may not adequately reach the tumor, and
certain normal tissues may receive excessive
radiation exposure [5, 11, 12].

Grid fields based on Volumetric-Modulat-
ed Arc Therapy (VMAT) technology can be
highly effective in such conditions. In this
technique, beam modulation and changes in
gantry position help protect Organs at Risk
(OAR) while delivering high doses of radiation
to small target areas [3, 7, 11]. Additionally,
compared to conventional SFRT, this method
offers several advantages, including improved
precision in controlling the maximum dose
location, greater efficiency in treating deep-
seated tumors, customizable patient-specif-
ic designs, and better sparing of superficial
tissues [5].

VMAT-based SFRT can be performed in
either virtual 2D or 3D lattice configurations.
Virtual 2D VMAT-based SFRT involves de-
fining cylindrical targets within the GTV vol-
ume to deliver a high dose of radiation. Un-
like traditional grid therapy, which uses lead
blocks to create a heterogeneous field, this
method utilizes VMAT without requiring
external devices. On the other hand, 3D Lattice
radiotherapy, derived from 2D GRID therapy,
integrates modern advancements in radiation
delivery methods, including Intensity Modu-
lated Radiation Therapy (IMRT), VMAT, and
robot-assisted converging beams. This ap-
proach generates multiple localized high-dose
regions (spherical targets) within the GTV [5].
Previous studies have explored the feasibility
of performing SFRT using VMAT in both 2D
and 3D configurations [9, 10, 12]. However,
it remains unclear, which of these approaches
is superior, and the effects of target geom-
etry (2D versus 3D) and dose prescription on
dosimetric and therapeutic parameters have

not been fully investigated. Furthermore, this
is the first study to calculate Normal Tissue
Complication Probability (NTCP) values for
virtual grid therapy based on VMAT. This
study compares two VMAT-based approaches
for treating large lung tumors, focusing on
how grid target geometry and dose prescrip-
tion affect key metrics, including the GTV
mean dose, Equivalent Uniform Dose (EUD),
Valley-to-Peak Dose Ratio (VPDR), Thera-
peutic Ratio (TR), and NTCP. By address-
ing gaps in the current understanding of the
relative effectiveness of 2D versus 3D SFRT
and their impact on treatment parameters, this
study aimed to provide valuable insights for
optimizing SFRT strategies.

Material and Methods

Contouring and grid design

In this experimental study, five lung cancer
patients with tumor volumes ranging from
167.255 cm? to 877.485 cm? (diameters great-
er than six centimeters) were retrospectively
selected from the Cancer Institute of Imam
Khomeini Hospital, Tehran, Iran. A physi-
cian imported Computed Tomography (CT)
images of the patients into the Varian Eclipse
treatment planning system (version 13.6) for
contouring.

The virtual grid pattern consisted of three
main structures: the GTV, the grid target, and
the avoidance volume. The grid target repre-
sented unshielded areas corresponding to the
openings in commercial grid blocks, while the
avoidance volume represented shielded areas.
These structures create a peak-and-valley dose
distribution, achieving a high dose gradient
within the GTV. The treatment plan was op-
timized by targeting high-dose regions within
the GTV and minimizing doses to organs at
risk [13].

In VMAT-based grid therapy, grid targets
are often designed with cylindrical or spheri-
cal geometries [7, 11, 14]. Based on this, we
developed two virtual grid therapy patterns.
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The first, the ‘2D VMAT-based SFRT’ (2D-
SFRT) plan, utilized parallel cylindrical tar-
gets within the GTV, while the second, the
‘3D-Lattice Radiotherapy’ (3D-LRT) plan,
employed spherical targets. Both plans desig-
nated the areas between the targets as avoid-
ance volumes. A shell structure was defined
around each target to enhance dose conformity
and control the dose gradient within the GTV.
Grid targets were positioned exclusively with-
in the GTV, with their centers spaced 2.5 to 3
cm apart in all directions. Each target’s edge
was kept at least 1 cm away from any Organ at
Risk (OAR) by adding a 1 cm internal margin
within the GTV. Depending on the geometry,
size, and position of the GTV, 1 to 5 cylindri-
cal targets and 3 to 15 spherical targets were
placed within this internal margin (Figure 1).
The diameter of the cylinders and spheres
was set to 1 cm, with a center-to-center dis-
tance of at least 3 cm in the sagittal and
coronal planes and at least 6 cm in the axi-
al plane. The choice of 1 cm is based on the
observation that most physical grid blocks

have holes approximately 1 cm in diameter at
the isocenter. However, an ideal diameter or
spacing has not yet been established for grid
blocks [11]. The arrangement of grid targets is
illustrated in both two-dimensional (2D) and
three-dimensional (3D) views (Figure 2).

Treatment planning

After contouring, the CT images and con-
tours were transferred to the Elekta Monaco
TPS (version 5.10.02). Treatment plans were
designed using 15 Gy and 20 Gy doses from 6
MYV Flattening-filter-free (FFF) photon beams
for single-fraction delivery to the isocenter of
the grid targets. The plan aimed to deliver the
highest possible dose (120% to 150% of the
prescribed dose) to the grid targets while mini-
mizing the dose to the OARs and avoidance
volumes (keeping it below 5 Gy). A series of
constraints were then established for the dose
in the grid target volumes, avoidance volumes,
and the outer shell surrounding the grid tar-
gets to achieve maximum dose heterogene-
ity. Depending on the size of the GTV and the

Figure 1: Position of the cylindrical (A) and spherical grid targets (B) within the gross tumor
volume (red) and internal margin (blue) in (i) axial, (ii) sagittal, and (iii) coronal views.
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Figure 2: Arrangement of cylindrical (a,b)
and spherical (c,d) grid targets within the
tumor volume located in the patient’s lungs.

number of grid targets, two to four full 360-
degree arcs and partial arcs were utilized.

Plan Evaluation

Due to the dose heterogeneity in grid therapy,
conventional dose coverage evaluations, such
as the dose to 95% of the volume (D,,), are
not suitable for grid therapy treatment plans.
In this study, to assess GTV dose coverage,
both the mean dose and the EUD for the GTV
were calculated. Additionally, the dose distri-
butions of the GTV were converted to EUD to
compare treatment plans. The EUD represents
the dose that, if uniformly delivered to the tu-
mor volume, would result in the same average
survival fraction as non-uniform irradiation. It
is calculated using the following equation (1)
[13]:

e—(aEUD+ﬂEUD2) _ ZVief(aD,. +D;) (1)

where V is the percentage of the volume re-
ceiving the dose D. and a = 0.542 (Gy™') and
B =0.0193 (Gy™) are cell-specific parameters
of the LQ model for the lung cancer cell line
(H460) [15].

One of the key dosimetric parameters in
SFRT is the VPDR, which indicates the het-
erogeneity of dose distribution. It is defined as
the ratio of the minimum dose to the maximum
dose (D, . /D ) within the GTV. The VPDR
is typically defined as the ratio of the average
dose delivered to the 5% of the internal margin
receiving the lowest doses to the maximum
dose of the grid targets. In this study, dose
distribution heterogeneity was assessed using
both the VPDR and dose profiles. D refers
to the maximum dose delivered to 0.5 cc of the
GTV, while D . represents the minimum dose
covering 100% of the GTV volume (D, ) [7].

NTCP Calculation

The NTCP is a dose-dependent mathemati-
cal model to assess the probability of side
effects in normal tissues due to radiation ex-
posure. It serves as a tool for differentiating
between treatment plans. In this study, the
Lyman—Kutcher—Burman (LKB) model was
used to calculate NTCP for the three-dimen-
sional normal organs surrounding the lung tu-
mor, including the spinal cord, heart, and nor-
mal lung tissue (Equations 2-5).

t2

-
NTCP = T j e dt 2)
14
u_a 3)
~ (D ~TDy, (v))
"= 7Dy (0)) @
TD (v)=TD (1)v™" )

D represents the dose, } denotes the fraction
of the irradiated organ volume, 7D indicates
the organ’s tolerance dose (tolerance limit),
and 7D, signifies the total organ dose, lead-
ing to a 50% probability of complication. Vref
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refers to the reference volume for 7D, . The
parameter n influences the relationship be-
tween complication probability and volume,
while the parameter m determines the gradient
of the complication probability versus dose
curve. The LKB model, as outlined in equa-
tions (2) to (5), assumes that a portion of the
organ receives uniform irradiation, while the
rest remains completely unirradiated. This as-
sumption does not fully reflect clinical expo-
sure scenarios [15]. To address this discrepan-
cy, the model can be adjusted to accommodate
varying dose fields using a method originally
proposed by Kutcher et al., [16]. The equations
required for this transformation are as follows:

(5V eff ),- =, [lD)_,]" (6)

wazz[ééqn (7

m

In this context, the index i signifies a specific
voxel within the target volume, D, represents
the dose delivered to voxel i, and V; indicates
the volume contribution of that voxel. The
term (5V;ﬁ)i represents the modified effective
volume calculated by assuming that the vol-
ume V, originally exposed to dose D, is in-
stead subjected to the maximum dose D, re-
ceived by any voxel in the organ. Using the
histogram reduction method, a variable dose
distribution is converted into an equivalent
one where part of the effective organ volume
V., uniformly receives D, , while the rest re-
mains unexposed, as outlined in equations
(6) and (7). This processed information can
then be applied in the LKB model to deter-
mine the NTCP for the organ. The inputs re-
quired to calculate NTCP consist of a Dose-
volume Histogram (DVH) and the parameters
n, m, and 7D, for the organ, as provided by
Burman et al., [17].

Calculation of Therapeutic Ratio
(TR)
In this study, the method proposed by

Ziker [18] was used to calculate the therapeu-
tic ratio. The survival fraction of normal cells
was determined twice: once for the grid field
(Equation 8) and once using the EUD for the
homogeneous field (Equation 9), both calcu-
lated using the linear-quadratic (LQ) model.

N

kg_Fnonnal (GRID ) = ZV.e_aDi ~#D; (8)

i
i=0

(EUD ) _ e—a.EUD -BEUD? (9)

Here, a = 0.633 Gy—1 and = 0.0120 Gy—2
parameters of AGO-1522 human fibroblast
cells are used as representatives of normal
tissue [15].

The therapeutic ratio is calculated as the
ratio of the survival fraction of normal cells
in the grid field to the survival fraction
of the same cells in a homogeneous field
(Equation 10):

SF

normal

ﬁnormal (GR[D)
SF,, . (EUD)

normal

Therapeutic Ratio =

(10)

Results

The dose distribution between 2D-SFRT
with cylindrical grid targets and 3D-LRT with
spherical grid targets is compared in the coro-
nal, axial, and sagittal planes (Figure 3). In the
coronal and sagittal views, the 3D-LRT plan
demonstrates spatial dose modulation along
the superior-inferior direction, resulting in
significantly lower doses between the spheres
in this direction relative to the 2D plan.

The mean dose, EUD, and VPDR in the
GTV for 15 and 20 Gy doses are summarized
(Table 1). For a 15 Gy dose, the median GTV
mean dose was 8.36 Gy (range: 8.09-8.66
Gy) and the median GTV EUD was 5.90 Gy
(range: 4.87-6.76 Gy) in 2D-SFRT plans. The
3D-LRT plans delivered a median GTV mean
dose of 7.98 Gy (range: 7.84-8.28 Gy) and a
median GTV EUD of 4.67 Gy (range: 4.42—
5.50 Gy). The median VPDR for 2D-SFRT
plans was 0.32 (range: 0.28-0.37), while for
3D-LRT plans, it was 0.29 (range: 0.23—-0.32).
For a 20 Gy dose, the median GTV mean

J Biomed Phys Eng



Figure 3: The dose distribution map of (A) cylindrical and (B) spherical grid targets in (i) axial, (ii)

sagittal, and (iii) coronal views, respectively.

Table 1: Mean dose (D

mean

), Equivalent Uniform Dose (EUD), and Valley-to-peak Dose Ratio

(VPDR) values in the Gross Tumor Volume (GTV) for 15 and 20 Gy doses.

Dose (15 Gy)

2D-Spatially Fractionated

Patient Radiotherapy

3D- Lattice Radiotherapy

Dose (20 Gy)

2D-Spatially Fractionated

3D- Lattice Radiothera
Radiotherapy il

Equivalent  Valley-to- Equivalent  Valley-to- Equivalent  Valley-to- Equivalent  Valley-to-

(G’““" Uniform  peak Dose (G”ea)” Uniform  peak Dose (gea)” Uniform  peak Dose mean Uniform peak Dose
Dose (Gy)  Ratio Y Dose(Gy)  Ratio Y Dose(Gy)  Ratio Dose (Gy)  Ratio
1 8.66 6.39 0.34 8.00 4.67 0.26 8.95 8.39 0.31 7.99 4.87 0.18
2 8.56 6.76 0.37 7.98 4.95 0.32 8.56 6.90 0.25 8.16 6.04 0.28
3 8.36 5.90 0.32 7.84 4.72 0.29 9.17 8.82 0.36 8.07 5.91 0.29
4 8.09 5.31 0.29 7.84 4.42 0.23 8.18 5.94 0.24 8.19 5.89 0.19
5 8.15 4.87 0.28 8.28 5.50 0.29 8.52 6.11 0.26 8.11 5.44 0.18

dose in 2D-SFRT plans was 8.56 Gy (range:
8.18-9.17 Gy), with a median GTV EUD of
6.90 Gy (range: 5.94-8.82 Gy). In compari-
son, for 3D-LRT plans with the same 20 Gy
dose, the median GTV mean dose was 8.11
Gy (range: 7.99-8.19 Gy), and the median
GTV EUD was 5.89 Gy (range: 4.87-6.04
Gy). Additionally, the median VPDR for 2D-
SFRT plans was 0.26 (range: 0.24-0.36) com-
pared to 0.19 (range: 0.18-0.29) for 3D-LRT
plans. These data indicate that 2D-SFRT plans

generally deliver a higher average dose to the
GTVwithgreatervariability indosedistribution
compared to 3D-LRT plans.

The Therapeutic Ratio (TR) values for 2D-
SFRT and 3D-LRT plans with prescribed dos-
es of 15 Gy and 20 Gy are presented (Table 2).
For 2D-SFRT plans, the median TR was 7.61
(range: 7.21-10.27) at 15 Gy and 8.00 (range:
7.42-10.62) at 20 Gy. In comparison, for 3D-
LRT plans, the median TR was 10.21 (range:
7.81-11.20) at 15 Gy and 10.32 (range: 7.99—
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11.71) at 20 Gy.

The NTCP values for the right lung, heart,
left lung, and spinal cord for 15 Gy and 20 Gy
doses are provided (Tables 3 and 4, respective-
ly). The results indicate that the probability of
complications in normal tissues surrounding
the lung tumor is negligible for both SFRT
plans.

The dose profiles between two adjacent
high-dose areas within the GTV are illustrated
(Figure 4). Panel (A) presents the dose distri-
bution for the 3D-LRT plan, highlighting the
spatial arrangement of the high-dose regions
within the GTV in a coronal view. Panel (B)
shows the dose distribution for the 2D-SFRT
plan, depicting the neighboring high-dose

Table 2: Therapeutic Ratio (TR) for 2D-Spatially Fractionated Radiotherapy and 3D- Lattice

Radiotherapy plans.

2D-Spatially Fractionated Radiotherapy

3D-Lattice Radiotherapy

Patient Dose (15 Gy) Dose (20 Gy) Dose (15 Gy) Dose (20 Gy)
1 7.30 8.95 8.00 7.99
2 7.80 8.00 10.90 11.60
3 7.61 7.91 11.20 11.71
4 10.27 10.62 10.21 10.32
5 7.21 7.42 7.81 8.86

Table 3: Normal Tissue Complication Probability (NTCP) values for a 15 Gy dose.

2D-Spatially Fractionated Radiotherapy

3D-Lattice Radiotherapy

Patient
Right lung Heart Leftlung ~ Spinalcord  Right lung Heart Leftlung  Spinal cord
1 5.55x10""  3.58x10°  5.42x10° 477107 5.55x10"7  5.80x10°  4.38x10°  7.75x10°
2 0 2.16x10°  3.03x10% 1.45x107 0 2.13x10°  2.84x10°  1.74x107
3 3.53x10°  2.97x10° 0 2.89x107 3.34x10°  2.26x10° 0 8.56x107
4 0 2.15x10°  3.40x10° 2.59x107 0 2.14x10°  3.19x10°  3.26x107
5 3.39x10°  3.03x10° 0 1.49x107 3.65x10%  4.55x10° 0 1.42x107

Table 4: Normal Tissue Complication Probability (NTCP) values for a 20 Gy dose.

2D-Spatially Fractionated Radiotherapy

3D-Lattice Radiotherapy

Patient . - - -

Right lung Heart Leftlung ~ Spinalcord  Rightlung Heart Leftlung  Spinal cord
1 1.01x10%  3.86x10°  5.98x10° 1.11x10%  1.11x10"®  4.41x10°  7.68x10°  2.56x10°
2 0 2.15x10°  2.95x10-° 1.58x107 0 2.14x10°  3.20x10°  1.96x107
3 5.5x10° 3.74x10° 0 7.50x107  4.05x10°  2.35x10° 0 2.65%10°
4 0 2.15x10°  3.84x10° 3.71x107  555x10"  2.16x10°  4.85x10%°  5.31x107
5 3.91x10°  3.84x10-5 0 1.57x107 3.64x10°  4.08x10° 0 1.92x107

J Biomed Phys Eng / Vi
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Figure 2: Dose profiles between two adjacent high-dose areas within the Gross Tumor Volume
(GTV), in coronal view for the 3D-Lattice Radiotherapy plan (A) and 2D-Spatially Fractionated

Radiotherapy plan (B).

areas within the same volume. These pro-
files provide insight into the dose delivery
characteristics and spatial distribution. Both
2D-SFRT and 3D-LRT plans exhibit distinct
peak-and-valley patterns, aligning with the
objective of SFRT. Unlike static-field SFRT,
the dose islands are also confined within the
tumor volume, with a noticeable dose fall-off
between grid targets.

Discussion

The VMAT technology can be employed to
design grid therapy plans [11, 19]. To date, the
feasibility of SFRT using both 2D-SFRT has
been investigated with cylindrical grid targets
and 3D-LRT with spherical grid targets [7-14].
However, the impact of target geometry and
prescribed dose on dosimetric parameters and
treatment outcomes has not been thoroughly

examined. The results of this study reveal sig-
nificant differences in dose distribution and
treatment efficacy between the 2D-SFRT and
3D-LRT techniques.

Due to the inherent dose heterogeneity in
SFRT, conventional dose coverage metrics,
such as D, are not suitable for assessing SFRT
plans. In this study, the mean dose and EUD of
the GTV were calculated to assess its cover-
age. The results show that the mean dose of
the GTV and GTV EUD are higher for the 2D-
SFRT plan compared to the 3D-LRT plan. The
2D-SFRT plan, with cylindrical targets, shows
spatial dose variations only in the x-y plane.
In contrast, the 3D-LRT plan modulates the
dose not only in the x-y plane but also along
the superior-inferior direction. Additionally,
a significant portion of the space between the
spheres is classified as an avoidance volume,

VIII \
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reducing dose delivery to these regions. This
leads to a lower mean dose and EUD com-
pared to the 2D-SFRT plan. These findings are
consistent with the values reported in previous
VMAT-SFRT studies [7, 11, 14].

The primary characteristic of SFRT is its
highly non-uniform dose distribution, with the
VPDR being a key dosimetric parameter that
reflects this variation. A lower VPDR, indi-
cating a higher degree of dose heterogeneity
and a steeper dose gradient, is generally fa-
vorable for maximizing the therapeutic ratio
in SFRT. However, the relationship between
VPDR and treatment outcomes, especially in
clinical practice, remains largely unexplored.
Theoretically, a lower VPDR could be crucial
in SFRT for triggering radiation-induced an-
titumor immune responses. Steep dose gradi-
ents are essential for protecting normal cells,
enhancing radiation tolerance, and reducing
toxicity [20]. A higher maximum dose can
increase the biological impact on tumors and
potentially boost immune responses [21-24].
Furthermore, steep dose gradients can activate
radiation-induced bystander effects, which are
significant for the effectiveness of grid ther-
apy [25-27]. Previous studies have indicated
valley-to-peak ratios between 0.0008 and 2.5
[14, 19, 28, 29]. The 3D-LRT plan exhibited a
lower VPDR compared to the 2D-SFRT plan
(Table 1). For the prescribed dose of 15 Gy,
the VPDR difference between the two plans
ranged from 0.01 to 0.08, with a median value
of 0.05. For the prescribed dose of 20 Gy, the
difference was greater, ranging from 0.03 to
0.13, with a median value of 0.07.

The optimal pattern of dose heterogeneity
and the ideal distribution of valley-peak doses
within the tumor that may produce the best
tumor response have not yet been established
through experimental or clinical studies.
These aspects require thorough investigation
and clinical implementation. Therefore, the
assessment of the therapeutic ratio is essential
in evaluating the effectiveness of grid therapy,
as it integrates the dosimetric parameters with

clinical outcomes.

According to Equation 11, a therapeutic
ratio greater than one indicates that normal
cells have a higher survival rate in the hetero-
geneous field than in the uniform irradiation
field, while tumor cells experience the same
level of damage in both conditions. Therefore,
a higher therapeutic ratio signifies better pro-
tection of normal cells in the SFRT irradiation
fields compared to uniform irradiation fields
[30]. The therapeutic ratio values for both
plans exceed one (Table 2). However, the
3D-LRT plan demonstrates a higher TR than
the 2D-SFRT plan. Depending on the tumor
shape, volume, location, and grid target geom-
etry, the maximum difference in TR can reach
up to 4 between the two plans.

In grid treatment using a single static field,
such as those delivered with grid collimators
or MLC, the grid heterogeneity patterns are
largely fixed. This is especially true when the
tumor is located deep within the body, as the
high-dose regions extend beyond the anterior/
posterior boundaries of the target, and the peak
dose lies outside the target volume. As a result,
this can lead to a relatively high dose, deliv-
ered to the OARs surrounding the GTV [5].
However, arc-based approaches can confine
high-dose regions within the tumour, thereby
minimizing damage to the surrounding healthy
tissue. In this regard, 2D-SFRT with cylindri-
cal targets performed better than 3D-LRT in
reducing unnecessary exposure to the lungs
(Figure 3). Given the potential for increased
dose to surrounding OARs in both treatment
methods, we calculated NTCP values for nor-
mal tissues to quantify the risk of radiation-
induced complications and assess the clinical
safety of each approach. The probability of
complications in normal tissues for both plans
was negligible (Tables 3 and 4). The NTCP
values indicate that VM AT-based grid therapy
plans for lung tumors can be delivered without
causing significant side effects or toxicity. By
maximizing the protection of areas outside the
GTYV, other treatment options remain feasible,
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and patients who receive SFRT in conjunction
with supplemental radiotherapy often achieve
better treatment outcomes [11, 31, 32].

Conclusion

Both VMAT-based SFRT plans are effective
in delivering high doses to very small, well-
defined areas within the GTV while creating
steep dose gradients. It was also demonstrat-
ed that although the 2D-SFRT may provide a
higher average dose and EUD, the 3D-LRT
approach may offer a greater therapeutic ra-
tio and a more consistent valley-to-peak dose
distribution within the GTV. The probability
of complications in surrounding normal tis-
sues was nearly zero for both treatment plans.
This highlights the efficacy of both techniques
in minimizing normal tissue complications.
Additionally, it was shown that the prescribed
dose has a greater impact on the dosimetric
and therapeutic outcomes than the grid target
geometry. These findings could significantly
influence radiotherapy treatment planning for
VMAT-based-SFRT, providing valuable in-
sights for selecting the appropriate therapeutic
planes.
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