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OBJECTIVE

To compare the dosimetric criteria of intensity-modulated radiotherapy (IMRT) and volumetric modu-
lated radiotherapy (VMAT) plans with simultaneous integrated boost (SIB) technique in cervical cancer
patients with para-aortic lymph node (PALN) metastases.

METHODS

SIB-IMRT and SIB-VMAT plans of 10 patients were retrospectively analyzed. The elective volume
received 45 Gy(PTV,,) in 25 fractions of 1.8 Gy, while the integrated boost volume (lymph nodes)
simultaneously received 55 Gy (PTV,,). Using the same dose constraints in optimization, IMRT
plans consisted of 9 fields, while VMAT plans were performed with 2 full arcs. Volume and dose
parameters were determined across the planning target volume, bladder, bowel, femoral heads,
kidneys, liver, rectum, sigmoid, and spinal cord. Conformity and homogeneity indices were cal-
culated, the Monitor Unit (MU) was analyzed, and the Wilcoxon-signed rank test was applied for
statistical analysis (p<0.05).

RESULTS

Both techniques were found to be effective for treatment, but there was a significant difference in favor
of SIB-VMAT in terms of target volume reaching the predicted dose and protection of critical organs
(OAR) (p=0.028). For PTV,,, MU and right-left kidney; V,, V, -V, V_. liver; D_, liver values were
significantly different (p=0.005, p=0.005, p=0.005, p=0.02, p=0.005, p=0.007, p=0.03, respectively). In
SIB-IMRT, a significant difference was observed for CI value close to 1 (p=0.02).

CONCLUSION

The SIB-VMAT technique showed lower MU, kidney, and liver values, and SIB-IMRT showed better
CI values. Other parameters indicated that the two planning techniques were nearly equivalent. These
findings indicate the different efficacies of treatment techniques in radiotherapy planning for cervical
cancer patients who were diagnosed with PALN metastases.
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INTRODUCTION

Cervical cancer is a prevalent malignancy in women,
ranking fourth worldwide based on the 2020 Global
Cancer Observatory statistics (GLOBOCAN). This dis-
ease ranks 12" in our country, with an incidence rate
of 4.8 per thousand, as reported in the literature.[1,2]
Radiotherapy represents a pivotal treatment modal-
ity, especially in cases with lymph node metastasis. As
chemotherapy technology evolves, radiotherapy has
emerged as the standard treatment approach. In cases
where metastasis has occurred in the paraaortic lymph
nodes, careful evaluation of all volumes and organs at
risk is critical to ensure treatment success with minimal
side effects while providing a uniform dose distribution
within the target volume.[1-3] Thankfully, advance-
ments in radiotherapy techniques have improved treat-
ment outcomes. While three-dimensional conformal
radiotherapy (3DCRT) was commonly used in the past,
the latest techniques such as intensity-modulated radio-
therapy (IMRT) and volumetric-modulated radiothera-
py (VMAT) have grown in popularity due to their abil-
ity to offer fewer fractions, shorter treatment times, and
high fraction doses.[4-6] These techniques have also
shown promise in studies involving gynecologic can-
cers, as they cause less damage to normal tissues, reduce
treatment times, and require fewer monitor units.[7,8]
Recent research has focused on comparing IMRT
and VMAT techniques for simultaneous integrated
boosts (SIB) in various anatomical sites. This is because
the clinical use of VMAT has increased.[9,10] However,
there is still a lack of comprehensive studies evaluating
these techniques, particularly in cases of cervical cancers
with paraaortic lymph node (PALN) metastases.[11,12]
The focus of our research was on conducting a com-
parative analysis of the dosimetric aspects of IMRT and
VMAT plans under SIB conditions to determine the
optimal treatment approach for patients undergoing
radiotherapy. We sought to evaluate the effectiveness
of SIB-VMAT and SIB-yttrium-90 radioembolization
(SIB-YART) treatment planning methods for cervical
cancer patients, focusing on the Planned Target Volume
(PTV) and doses received by organs at risk. To achieve
this, we conducted a statistical analysis of the dose vol-
ume histograms (DVH) generated by both techniques,
comparing their respective dosimetric properties.

MATERIALS AND METHODS

This research involved 10 patients who had been diag-
nosed with cervical cancer with PALN metastasis and

had completed their treatment, with the Department’s
consent. Written consents required for the study were
obtained in compliance with the Declaration of Helsin-
ki, and approval was granted by the local ethics com-
mittee (Decision No: 24-2.1T/75).

In order to ensure comprehensive treatment, all pa-
tients underwent a pelvic-paraaortic field plan. A ra-
diation oncologist utilized computed tomography (CT)
scans of the pelvic region from ten patients to create
the PTV. The plan incorporated definitions of the gross
tumor volume (GTV), clinical target volume (CTV),
internal tumor volume (ITV), and contours relating to
critical organs (OAR), for instance, bladder, bowel, fem-
oral heads, kidneys, liver, rectum, sigmoid, and spinal
cord. The PTV was designed with a margin of 1.0 cm
for the CTV and 1-1.5 cm for the ITV, allowing organ
movement while limiting the dose to normal tissues.

The planned dose for the elective volume was 45
Gy delivered in 25 fractions of 1.8 Gy each, and the
integrated boost volume was planned to administer
55 Gy over the same 25 fractions of 2.2 Gy simulta-
neously. The Eclipse Treatment Planning System was
utilized to create SIB-IMRT and SIB-VMAT plans
with 6-MV photon beams from a Varian TrueBeam
STX linear accelerator in California, USA. The IMRT
plans were optimized using the dose volume opti-
mizer, while the VMAT plans utilized the progressive
resolution optimizer. Both plans were calculated us-
ing the AcurosXB planning algorithm (version 1610).
In the creation of IMRT plans, the sliding window
algorithm application method was employed, utiliz-
ing nine planar equal fields placed at varying degrees
around the patient. For the VMAT plan, two coplanar
arcs of 360 degrees were utilized with the same iso-
center. Both plans were normalized to obtain a mini-
mum of 95% of the prescribed dose and thoroughly
evaluated based on the resulting parameters. Both
plans utilized identical planning targets for every pa-
tient. The numerical target table was populated with
the same objectives for optimizing IMRT and VMAT
plans. The primary focus during dose delivery was to
guarantee that 95% of the prescribed dose reached the
PTYV, followed by minimizing the dosage to critical or-
gans like the kidneys, and finally, administering lower
doses to other OAR structures to reduce the dosage to
critical organs to the fullest extent possible. The plans
for both techniques were developed to yield optimal
outcomes for 10 patients. DVH was used to analyze
dose values to evaluate the quality of each plan for
PTV (elective and SIB). These values included the
minimum, maximum, and mean doses for OAR, and
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additionally assessed the volume that receives 95% of
the prescribed dose and the maximum doses received
by 2%, 50%, and 98% of the volume. From these val-
ues, the literature determined the homogeneity index
(HI) and conformity index (CI) for individual plans.
A small HI value indicates a consistent dose distri-
bution across the volume, while a CI value nearing 1
indicates a high degree of conformity in the delivery
of the dose to healthy tissues surrounding the target
volume. The formulas for these expressions are:

HI= Dy ~Diygy
DSO%

Regarding radiation dosage, D,, is the dosage in
the target volume, also known as the 2% target vol-
ume dose. D, refers to the minimum dosage within
the target volume, or the 98% target volume dose.
Meanwhile, D_, pertains to the average radiation
dose received in a tumor, which encompasses up to
fifty percent of the volume designated as the target. If
the HI value is low, this indicates that the dose distri-

bution within the volume is homogeneous.

oV, TV

v "V,

The TV, refers to the volume intended to receive
radiation treatment and is surrounded by a reference
isodose. Meanwhile, TV pertains to the target volume,
while the V, parameter defines the volume of the refer-
ence isodose. A CI value nearing 1 indicates a reduced
radiation dose to the tissues surrounding the target
volume, as supported by previous studies.[7,13,14]

In order to compare the OAR sparing abil-
ity of SIB-IMRT and SIB-VMAT plans, we ana-
lyzed the volumes of the bladder, bowel, femoral
heads, liver, rectum, sigmoid, and kidneys using us-
ing V_ (%), V. (cc), V (%), V, (%), V, (%), V, (%),
V..(%),V (%) V. (%), V,(%). Additionally, we ex-
amined mean dose values of 18 Gy and 32 Gy for kid-
neys and liver, and the maximum dose limit of 45 Gy
for the spinal cord. Previous research has indicated
that VMAT may produce lower MU values compared
to IMRT due to less radiation leakage through colli-
mator leaves and reduced neutron production at high
energies. As such, we recorded technique-specific
MU values for our study aims to assess the efficacy
of each technique.[7,14,15] We utilized the Wilcox-
on paired two-sign rank test to perform a statistical
evaluation on nonparametrically distributed data.
A significant difference was indicated if the p-value
equaled or fell below 0.05 (p<0.05).[16]
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Table 1 The mean data acquired for the comparison of
SIB-IMRT and SIB-VMAT techniques in 10 patients
for PTV,, dose, along with p-values from the
Wilcoxon-signed rank test

PTV,, parameters SIB-IMRT SIB-VMAT P
V,, (%) 96.7 97.15 0.79
D,, (Gy) 57.36 56.83 0.07
D, (Gy) 55.88 54.96 0.19
D, (Gy) 58.38 57.98 0.07
HI 0.04 0.05 0.08
cl 0.74 0.64 0.02
MU 1773.80 545.91 0.005

D,, approximate maximum dose; D, median dose; D ,, approximate
minimum dose; V., volume that receives 95% of the prescribed dose.
9F-IMRT compared with VMAT, p<0.05. P values with statistically significant
differences are shown in bold. SIB-IMRT: Simultaneous Integrated Boost-
Intensity Modulated Radiation Therapy; SIB-VMAT: Simultaneous Integrated
Boost-Volumetric Modulated Arc Therapy; PTV: Planned Target Volume; HI:
Homogeneity index; Cl: Conformity index; MU: Monut unit

RESULTS

All 9 patients achieved the SIB targets for PTV cov-
erage and OAR sparing with the SIB-IMRT and
SIB-VMAT plans. However, the IMRT plan for one
patient failed to achieve its target due to inadequate
use of the 9 fields in treatment. On the other hand,
the VMAT plan successfully achieved the SIB targets.
Each plan was designed to be clinically feasible. The
techniques showed statistically significant differences
in MU, kidney, and liver values.

The comparison results of Tables 1 and 2 depict
SIB planning utilizing IMRT and VMAT techniques.
Table 1 focuses on the parameters of SIB-IMRT and
SIB-VMAT for PTV,, coverage, while Table 2 presents
the performance of the two techniques regarding OAR
preservation. In Table 1, SIB-VMAT outperforms SIB-
IMRT in terms of MU (545.91), CI (0.74), and HI
(0.04), although the HI results are not statistically sig-
nificant. Conversely, Table 2 indicates that SIB-VMAT
is significantly superior to SIB-IMRT in preserving
OAR in the right kidney V, (%), V, (%), left kidney
V. (%), V,(%), and liver D_(Gy) values with 9.83%,
9.26%, 8.15%, 7.64%, and 7.74Gy values, respectively

In Figure 1, a and b are the isodose distributions of
both the SIB-IMRT and SIB-VMAT plans for a patient
in the transversal section (top), along with the isodose
distributions of the same patient’s treatment plans in the
frontal section (bottom). Additionally, Figure 2 show-
cases the PTV and OAR DVRs of the pertinent param-
eters in the patient’s SIB-IMRT and SIB-VMAT plans,
highlighting the defined criteria in varying colors.
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Table 2 Mean dose for organs at risk (OAR) between SIB-IMRT and SIB-VMAT in 10 patients
along with p-values from the Wilcoxon-signed rank test

OAR Parameters SIB-IMRT SIB-VMAT p
Bladder V., (%) 51.68 58.12 0.13
Bowel V., (co) 232.51 261.9 0.13
Femoral head right V,; (%) 9.76 10.94 0.24
Femoral head left V., (%) 10.79 11.62 0.16
Kidney right D,... (Gy) 13.58 12.99 0.07
V., (%) 36.35 34.95 0.24
V,, (%) 15.13 12.74 0.01
V,, (%) 12.18 9.83 0.02
V,, (%) 11.10 9.26 0.005
Kidney left D, c.n (GY) 12.90 12.41 0.05
V., (%) 35.28 32.77 0.44
V,, (%) 12.28 10.45 0.01
V,, (%) 9.76 8.15 0.007
V., (%) 9.64 7.64 0.005
Liver D,...(Gy) 8.50 7.74 0.03
V,, (%) 4.49 3.49 0.08
Rectum V,, (%) 74.59 72.61 0.95
Sigmoid V,, (%) 95.19 94.46 0.71
Spinal cord D, (Gy) 41.10 41.73 0.09

P<0.05. P values with statistically significant differences are shown in bold. P<0.05, means statistically significant
difference. SIB-IMRT: Simultaneous Integrated Boost-Intensity Modulated Radiation Therapy; SIB-VMAT: Simultaneous

Integrated Boost-Volumetric Modulated Arc Therapy

DISCUSSION

Cervical cancers are highly treatable, and thanks to ad-
vances in technology and medicine, survival rates are
on the rise. Radiotherapy is a critical element in treating
cervical cancer, and treatment plans are established ac-
cording to the stage of the disease and the extent of lym-
phatic spread.[17] This study aimed to compare treat-
ment plans using the SIB technique with those using
IMRT and VMAT techniques in 10 patients with cervi-
cal cancer and PALN metastasis. Precise planning and
dosimetric measurements are crucial in radiotherapy
treatments, and techniques like IMRT and VMAT take
into account the structure of the target area to minimize
side effects while regulating radiation doses. Studies
have shown that SIB-assisted VMAT and IMRT treat-
ment plans produce more favorable outcomes.[18,19]
The preferred parameters to evaluate the two tech-
niques are HI, CI, and MU.[1,5,20] Wu et al.[1] con-
ducted a comparison of 2-arc VMAT and 9-field IMRT
techniques for 20 patients, using dose values of 45 and
50.4 Gy. They observed a notable disparity between the
techniques in HI value (p=0.036). On the other hand,
Vergalasova et al.[20] did not identify a statistically
significant disparity in HI criteria in their study com-

paring two techniques for 20 patients (p=0.55). In our
research, we observed that the SIB-IMRT technique
showed superiority with an HI value of 0.04, although
no significant discrepancy was found for HI (p=0.08).
In Wu et al.[1]’s study comparing the same techniques,
they obtained a CI value close to our IMRT result
(0.77) with the prescription dose values they chose (45
Gy and 50.4 Gy) and established a significant difference
among the techniques (p=0.016). In a study carried out
by Cheng et al.[5] with 10 patients, the CI criterion re-
vealed a significant difference (p=0.001). Upon analyz-
ing the CI values, researchers found that the SIB-IMRT
technique was inferior with an assessment of 0.74,
and there was a significant variance compared to the
results of the SIB-VMAT technique (p=0.02). Wu et
al.[1] discovered that the VMAT technique exhibited
superiority in the MU value, and there was a statisti-
cally significant difference observed when compared to
other techniques (p=0.001). Meanwhile, Vergalasova et
al.[20]’s study noted a statistically significant difference
for the MU criteria (p=0.00009) when comparing the
two techniques. In our research, we observed a signifi-
cant difference when analyzing the MU values between
the SIB-VMAT and SIB-IMRT techniques, with the
former proving statistically superior (p=0.005).
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Fig. 2. The Comparison of Dose-volume histogram (DVH) depicting the associated organs and target volumes in the

SIB-IMRT (triangles) and SIB-VMAT (squares) plan, corresponding to the selected patient case shown in Figure 1,
presenting in various color category for the parameters of each PTV and OAR.

SIB-IMRT: Simultaneous Integrated Boost-Intensity Modulated Radiation Therapy; SIB-VMAT: Simultaneous Integrated Boost-Volu-
metric Modulated Arc Therapy; PTV: Planned Target Volume; OAR: Contours relating to critical organs.

In a comparative study conducted by Riou et al.[14]
it was found that the SIB-VMAT technique was supe-
rior for bladder dose limit values in 10 patients. Con-
versely, no statistically significant difference was found
between the SIB-VMAT and SIB-IMRT techniques.
Similar findings were reported by Vergalasova et al.[20]
who found no statistically significant difference in blad-
der criteria in their study (p=0.19). When we look at the
bladder values obtained in our assessment, we identi-
fied no significant difference between SIB-VMAT and
SIB-IMRT (p=0.13). In the QUANTEC protocols exam-
ined, the bowel limit was determined to be <195 cc.[21]
The exact limits were applied in this study, and no sig-
nificant difference was observed in the comparison of
bowel doses (p=0.13). The RTOG protocols reviewed,
and the dose limits for the right-left femoral head were
determined as <15% and <15%, respectively.[22] In
this study, the dose limits were determined in the same
way, and in the comparison made for SIB-IMRT and
SIB-VMAT, the values for the right femoral head were
9.76 and 10.94, respectively, with no significant differ-
ence for p=0.24, and the values for the left femoral head
were 10.79 and 11.62, respectively, with no statistically
significant difference (p=0.16). Wu et al.[1] found that
the VMAT technique showed superiority for the mean

left-right kidney values with a significant difference be-
tween the techniques (p=0.001, p=0.001, respectively).
However, Vergalasova et al.[20] identified no significant
discrepancy in mean left-right kidney values. In the
comparison of mean left-right kidney doses between
SIB-VMAT and SIB-IMRT, no notable difference was
found for the left kidney, while a significant difference
was found for the right kidney doses (p=0.17, p=0.39,
respectively). In the examination of mean left-right
kidney doses between SIB-VMAT and SIB-IMRT, no
significant difference was established for the right kid-
ney, while a significant difference was found for the left
kidney doses (p=0.07, p=0.05, respectively). In the ex-
amined QUANTEC protocols, the liver limit value was
determined as <32 Gy.[21] In this study, the same limits
were used, and there was a statistically significant differ-
ence between the two techniques for liver mean doses
(p=0.03). Wu et al.[1] found that the VMAT technique
was superior for rectum value, and there was a sig-
nificant difference between the techniques (p=0.001).
Cheng et al.[5] found a significant difference between
the rectum values of the two techniques in their study
(p=0.001). In our research, although there was no sig-
nificant difference between the two techniques for rectal
values, percent doses showed superiority in favor of the
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SIB-VMAT technique (p=0.95). In their comparison
study of 8 patients, Jin et al.[9] found the SIB-VMAT
technique superior for spinal cord dose limit values, and
a significant difference was found between the two tech-
niques (p=0.04). However, in our study, dose limits were
determined similarly, though no statistically significant
difference was detected in the comparison made for the
spinal cord (p=0.09). Based on the OAR dose data col-
lected in the study, the SIB-VMAT technique demon-
strated superiority in the average values of the right kid-
ney, left kidney, and liver, while remaining within the
specified limits. A significant difference was observed
between the two techniques. The SIB-VMAT technique
showed superiority in the average value of the left kid-
ney, and a significant difference was also detected.

When choosing between the SIB-IMRT and SIB-
VMAT techniques, it is important to consider vari-
ous factors, such as the patient’s condition and treat-
ment duration. Although VMAT has advantages in
terms of treatment duration, it requires more time
for treatment planning and quality assurance. How-
ever, some studies suggest that quality assurance
plans are quicker with VMAT.[9,23]

CONCLUSION

Our study revealed that both VMAT and IMRT tech-
niques exhibit distinct advantages and disadvantages.
Therefore, the selection of the most suitable technique
should be based on the patients condition and treatment
planning. Our current research unveiled that although
there was a significant difference in SIB-IMRT and SIB-
VMAT plans among 10 patients, both techniques pro-
vided similar dosimetric results. Accordingly, it is crucial
to consider factors, particularly the patient’s condition,
clinical equipment, and the expertise of doctors and
physicists, when selecting the appropriate technique.
Our results indicate that both SIB-IMRT and SIB-VMAT
techniques are effective in treating cervical cancer.
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