[ Downloaded from sjimu.medilam.ac.ir on 2025-07-31 ]

Journal of Ilam University of Medical Sciences

JIUMS

P-ISSN: 1563-4728
E-ISSN: 2588-3135

Implementation of MLC-based techniques for kidney protection as
isolated organs during radiotherapy of abdominal malignancies

Warya Parvaii !

, Ghazal Mehri Kakavand 2

, Tahereh Hadisinia

*Medical Physics Dept, Ilam University of Medical Science, Ilam, Iran
2Dept of Anatomy and Medical Imaging, Faculty of Medical and Health Sciences, University of Auckland, Auckland,

New Zealand

$Radiology Dept, School of Paramedical sciences, Guilan University of Medical Sciences, Rasht, Iran

Article Info

ABSTRACT

Article type:
Research article

Article History:
Received: Mar. 20, 2025
Received in revised form:

Apr. 29, 2025
Accepted: May. 03, 2025
Published Online: May. 26, 2025

* Correspondence to:
Tahereh Hadisinia
Radiology Dept, School of
Paramedical sciences, Guilan
University of Medical Sciences,
Rasht, Iran

Email:
Sahebehs@yahoo.com

Introduction: Radiotherapy is one of the therapeutic options for malignancies associated with
the abdominal cavity. However, the delivered dose must be limited to the kidneys' custom
shielding blocks. This study aimed to propose a method in which kidney shielding blocks can
be replaced with multi-leaf collimators (MLCs).

Materials & Methods: In the initial phase, both kidneys were protected, and the open field
area was irradiated. However, the region between each kidney and the lateral abdominal wall
was inevitably shielded. Therefore, in subsequent phases, the dose to the shielded region was
necessarily compensated. This process was analyzed by treatment planning and Kodak EDR2
film dosimetry. The dosimetric film results, read with MATLAB, were compared with TPS
data, showing a mean difference of less than 5%, indicating acceptable agreement between the
two methods.

Results: The MLC-based shielding method demonstrated a noticeable reduction in treatment
time compared to the time required for custom block fabrication and patient setup. The use of
MLCs resulted in only a 3.86% increase in MU, which was not clinically significant. The mean
dose to both kidneys in the MLC and cerrobend block methods remained within the renal
tolerance limits. Furthermore, the consistency of average V10, V15, and V20 data for the left
and right kidneys supported the agreement between the cerrobend block and MLC methods.

Conclusion: MLC application to the island organ as a shield is suggested, especially in AP/PA
WAR. But sufficient accuracy in field matching is needed.
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Introduction

kidneys during treatment; however, the
fabrication of these blocks is time-consuming,

Radiotherapy remains a critical modality
for the treatment of various intra-abdominal
malignancies, especially in cases where
complete surgical resection is not feasible or the
disease has recurred (1). In abdominal cavity
radiotherapy, extensive regions of the
peritoneum are irradiated, inevitably exposing
adjacent vital organs such as the kidneys to
unintended radiation doses (2). Protecting these
organs is essential because kidneys are among
the most radiosensitive organs, and radiation-
induced nephropathy can significantly impair
patient outcomes (1-3). Traditionally, cerrobend
blocks have been employed to shield the

labor-intensive, and can expose staff to toxic
materials (6). Additionally, manual placement
of blocks in each treatment session increases the
risk of positioning errors and prolongs treatment
times (1, 6). Multi-leaf collimators (MLCs)
have emerged as a promising alternative,
offering dynamic and precise beam-shaping
capabilities without the drawbacks of physical
block production (5). MLCs have been widely
adopted in modern radiotherapy centers for
sparing organs at risk and improving treatment
workflow (6). Despite these advantages,
comprehensive  dosimetric  comparisons
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between MLCs and Cerrobend blocks in
abdominal radiotherapy settings are limited.
The aim of this study was to evaluate the
efficacy of multi-leaf collimators (MLCs) as an
alternative to cerrobend blocks in protecting the
kidneys during abdominal cavity radiotherapy.
This study aimed to propose a method in which
kidney shielding blocks can be replaced with
multi-leaf collimators (MLCs).

Methods

The study was conducted on ten patients
diagnosed with abdominal cancers at Milad
Hospital, Isfahan, Iran. Treatment planning was
performed using the PROWESS system for
advanced radiotherapy simulation. Organs at
risk, including kidneys, were contoured
following RTOG guidelines and verified by an
experienced radiation oncologist. The study
compared conventional shielding blocks and
multi-leaf collimators (MLC) in 3D conformal
radiotherapy with 15 MV photon beams. In this
study, treatment was performed with AP/PA
fields to deliver 300 cGy to the patient’s
treatment area at an SAD of 100cm. Four
Cerrobend blocks for kidneys (two blocks for
anterior and two blocks for posterior field) were
designed and constructed according to patient
kidney size in block mode. For MLC mode,
each of the anterior and posterior fields was
divided into three steps. Firstly, the entire
abdomen-pelvis minus the kidneys and two
small inadvertently blocked areas was
irradiated. Then, the second and third exposure
fields were created to cover the area missed by
the first irradiation step.  Dosimetric
measurements were conducted using Kodak
EDR2 films, and data processing was
performed in MATLAB software. The
significance level was set at p < 0.05.

Results

The dosimetric analysis demonstrated that
the use of multi-leaf collimators (MLC) led to a
noticeable reduction in treatment preparation
time compared to conventional Cerrobend
shielding blocks, which often require labor-
intensive fabrication and positioning. Although
the average monitor unit (MU) values increased
by approximately 3.86% when using MLC, this
increment was not statistically or clinically
significant (p = 0.142). A comparison between
the dose distribution from TPS (Treatment
Planning System) and Kodak EDR2 film
measurements showed strong agreement, with a

mean difference of less than 5%, confirming the
reliability of both the planning system and the
MLC-based technique. Furthermore, the
average dose received by the kidneys was
within safe tolerance levels in both approaches,
with no significant difference observed (p =
0.318). Volume-based indicators, including
V10, V15, and V20, also revealed close
similarity between the two shielding methods (p
=0.274,p=0.362, and p = 0.291, respectively).
Importantly, the MLC technique provided
adequate protection of critical organs while
improving workflow efficiency and minimizing
human error. Overall, the findings confirmed
that MLC is a viable and effective alternative to
traditional Cerrobend blocks in abdominal
radiotherapy, offering comparable organ
protection with added logistical and clinical
benefits.

Conclusion

The findings of this study demonstrated
that replacing traditional Cerrobend shielding
blocks with multi-leaf collimators (MLCs) in
whole abdominal radiotherapy offers both
dosimetric and practical advantages. The MLC-
based method not only maintained kidney dose
within acceptable limits but also improved
treatment preparation efficiency and reduced
manual workload. Although a slight increase in
monitor units (3.86%) was observed, it was
clinically insignificant. These results suggest
that MLCs can serve as a reliable and safer
alternative for organ-at-risk protection during
large-field irradiation. Future studies are
recommended to assess this technique in a
broader patient population and to evaluate long-
term outcomes related to kidney function and
overall treatment efficacy using advanced
planning systems and adaptive radiotherapy.
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