Research Paper

Evaluation of Radiation Dose to Healthy Organs during External Radiotherapy
in Rectal Cancer Patients at Vasei Hospital Radiotherapy Department, Sabzevar

(2019-2021)
Hamid-Reza Sadoughi' “®% Pooya Vahabi-Nasiri 2~ ®@, Parasto Amiri? ©®®
Seyed Alireza Javadinia? % Ruhollah Ghahramani-As] 34 ©®@

1. Assistant Professor, Department of Medical Physics and Radiology, Faculty of Allied Medical Sciences, North
Khorasan University of Medical Sciences, Bojnurd, Iran

2. General Practitioner, Student Research Committee, Sabzevar University of Medical Sciences, Sabzevar, Iran.

3. Assistant Professor, Non-Communicable Diseases Research Center, Sabzevar University of Medical Sciences,
Sabzevar, Iran

4. Associate Professor, Department of Medical Physics and Radiological Sciences, Faculty of Paramedicine,
Sabzevar University of Medical Sciences, Sabzevar, Iran.

Received: 2025/07/08 Accepted: 2025/09/23

*Corresponding Author: Ruhollah
Abstract Ghahramani-Asl

: External beam radiotherapy is a cornerstone in the management of .
Py g Address: Iran, Khorasan Razavi,

rectal cancer. Due to the anatomical proximity of critical pelvic structures to the Sabzevar, Shohadaei Blvd., Sabzevar
radiation fields, accurate dosimetry is essential. This study aimed to quantify and University of Medical Sciences
analyze the radiation dose delivered to healthy organs in patients with rectal cancer Campus, Block B, Faculty of
undergoing beam radiotherapy. Paramedical Sciences, Room 303

: In this retrospective cross-sectional study, we analyzed Tel: +9805 144018353
the dosimetric records of 66 patients with rectal cancer treated at Vasei Hospital E-mail: ghahramanasl@gmail.com

Radiotherapy Department in Sabzevar between 2019 and 2021. Demographic data
and dosimetric parameters —including the mean and maximum equivalent dose in
2-Gy fractions (EQD?2) to the clinical target volume (CTV), planning target volume
(PTV), and organs at risk (bladder, femoral heads, penile bulb)— were extracted
from the IsoGray treatment planning system. Data were analyzed using SPSS v22
with independent t-tests, Pearson correlation, and ANOVA.

: The mean radiation doses to the organs at risk (OAR) were as follows:
bladder, 47.96 + 5.83 Gy; left femoral head, 26.40 = 6.68 Gy; right femoral head,
25.66 + 7.40 Gy; and penile bulb, 17.75 £+ 13.27 Gy. Although femoral head doses
were higher in males and bladder doses in females, these differences were not
statistically significant. A weak positive correlation was observed between patient
age and penile bulb dose. No significant association was found between BMI and
OAR doses.

: Demographic variables did not significantly influence dose distribution
to adjacent healthy organs. Treatment planning should emphasize tumor anatomy
and the adoption of advanced radiotherapy techniques for optimal dose conformity
and organ sparing.

Keywords Rectal cancer,
External beam radiotherapy,
Organs at risk, Dosimetry

How to cite this article: Sadoughi H R, Vahabi-Nasiri P , Amiri P, Javadinia Seyed A R, Ghahramani-Asl R., Evaluation of Radiation Dose to
Healthy Organs during External Radiotherapy in Rectal Cancer Patients at Vasei Hospital Radiotherapy Department, Sabzevar (2019-2021), Journal
of Sabzevar University of Medical Sciences, 2026; 32(6):717-728. DOI: 10.30468/jsums.2026.8171.3291.

Copyright © 2026 Sabzevar University of Medical Sciences. This work is licensed under a Creative Commons Attribution- Non Commercial 4.0
International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work
is properly cited.

Published by Sabzevar University of Medical Sciences.


https://orcid.org/0000-0002-8807-6741
https://scholar.google.com/citations?user=cQPDe4sAAAAJ&hl=en&oi=ao
https://pubmed.ncbi.nlm.nih.gov/?term=Ruhollah+Ghahramani-Asl
https://scholar.google.com/citations?user=mCimRHkAAAAJ&hl=en&oi=ao
https://pubmed.ncbi.nlm.nih.gov/?term=Hamid-Reza+Sadoughi
https://orcid.org/0000-0003-4024-0706
https://orcid.org/0000-0003-3666-5816
https://orcid.org/0000-0003-2467-837X
https://orcid.org/0000-0002-3085-8652
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pooya+Vahabi-Nasiri&btnG=
https://scholar.google.com/citations?user=iS_i-PoAAAAJ&hl=en&oi=ao
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Parasto+Amiri&btnG=
https://pubmed.ncbi.nlm.nih.gov/?term=Pooya+Vahabi-Nasiri
https://pubmed.ncbi.nlm.nih.gov/?size=20&term=Javadinia+SA&cauthor_id=34259615
https://pubmed.ncbi.nlm.nih.gov/?term=Parasto+Amiri

Evaluation of Radiation Dose to Healthy Organs during External ...

February 2026, Volume 32, Issue 6

Introduction

Colorectal cancer represents a major global
health challenge, with rectal carcinoma
comprising approximately one-third of all
colorectal malignancies. In developing nations,
its incidence is rising; a trend linked to
modifiable risk factors such as physical
inactivity, obesity, and dietary patterns.
Radiotherapy is integral to the multidisciplinary
treatment of rectal cancer, particularly in locally
advanced cases, where it is wused either
preoperatively to downstage tumors or
postoperatively to reduce local recurrence rates.

Although  technological advances have
enhanced tumor control, the proximity of critical
normal structures in the pelvic region presents
an ongoing challenge. The bladder, femoral
heads, and penile bulb are often exposed to
substantial doses during treatment, potentially
leading to complications such as radiation
cystitis, osteonecrosis, and sexual dysfunction.
Previous studies report variable dose
distributions to these organs at risk (OARs),
suggesting that patient-specific factors such as
body habitus and pelvic anatomy may influence
exposure.

This study provides a comprehensive dosimetric
evaluation of OAR exposure in rectal cancer
patients  treated with  three-dimensional
conformal radiotherapy (3D-CRT). We
analyzed standard dose-volume parameters and
investigated  potential  correlations  with
demographic factors, including age, sex, and
BMI. The findings contribute to the literature on
normal tissue sparing in rectal cancer
radiotherapy and may inform strategies to
minimize treatment-related morbidity.

METHODOLOGY
Study Design and Population

This  retrospective  cross-sectional  study
analyzed 66 consecutive patients with
histologically confirmed rectal adenocarcinoma
who completed a full course of adjuvant or
neoadjuvant radiotherapy (45-50.4 Gy in 25-28
fractions) at Vasei Hospital, Sabzevar, Iran,
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between 2019 and 2021. Patients with
incomplete dosimetric records were excluded.

Data Collection and Dosimetric Analysis

Treatment planning computed tomography (CT)
scans were reviewed using the IsoGray
treatment planning system. OARs, including the
bladder, bilateral femoral heads, and penile
bulb, were contoured according to Radiation
Therapy Oncology Group (RTOG) guidelines.
Dose-volume  histograms (DVHs) were
analyzed for each structure. Analyzed
parameters included:

. Mean and maximum EQD2
(equivalent dose in 2 Gy fractions)
. For the bladder: V30, V40, and V50

(volume receiving >30, 40, or 50 Gy)

. Maximum point dose to the femoral
heads.
Statistical Analysis

o Data were analyzed using SPSS version

22.

Descriptive statistics for demographic
and dosimetric variables

Independent t-tests/Mann-Whitney U
tests for gender comparisons
Pearson/Spearman  correlation
continuous variables

One-way ANOVA/Kruskal-Wallis for
BMI categories

Statistical significance threshold: p<0.05

for

RESULTS

Patient Characteristics

The cohort included 36 males (54.5%) and 30
females (45.5%), with a mean age of 62.1 £ 12.8
years. BMI distribution was as follows:
Underweight (<18.5 kg/m?): 12.1%
Normal (18.5-25 kg/m?): 56.1%
Overweight (25-30 kg/m?): 31.8%
Tumor locations included:

Lower rectum (<6 cm from anal verge):
24.2%
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Mid-rectum (7-11 cm): 56.1%
Upper rectum (>12 cm): 19.7%

Dosimetric Findings

Mean EQD2 values to OARs were:

Structure Mean Dose (Gy) Maximum Dose (Gy)
Bladder 47.96 +£5.83 51.43+4.45
Left Femoral Head 26.40 + 6.68 48.25 +5.98
Right Femoral Head 25.66 = 7.40 48.08 + 6.32
Penile Bulb 17.75 +£13.27 21.36+17.60

Key Observations included:

1. Femoral head doses showed gender
differences (males > females) but
without statistical significance (p>0.05)

2. Bladder doses trended higher in females
(mean 48.06 vs 47.89 Gy)

3. Positive but non-significant correlation
between age and penile bulb dose
(r=0.21, p=0.08)

4. No significant associations between
BMI and OAR doses

DISCUSSION

Our dosimetric results are consistent with
international studies. The bladder received the
highest mean dose (~48 Gy), reflecting its close
anatomical relationship to the target volume.
Doses to the femoral heads (~26 Gy mean)
remained below the commonly accepted
threshold for osteonecrosis (50 Gy), indicating
effective sparing with 3D-CRT.

The gender-based differences in femoral head
doses may be related to anatomical variations in
pelvic dimensions, though the lack of statistical
significance warrants caution in interpretation.
The tendency toward higher bladder doses in
females corroborates findings by Hendricks et
al. (2013), possibly due to smaller bladder
volumes typically observed in female patients.
Notably, the mean penile bulb dose (~18 Gy)
was substantially lower than doses associated
with erectile dysfunction in prostate cancer
radiotherapy (typically >50 Gy), suggesting a
relatively lower risk of sexual dysfunction
following rectal cancer treatment. The observed
positive correlation between patient age and
radiation dose to the penile bulb may reflect age-
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related changes in anatomy or tissue positioning.
This association requires further investigation.
This study has several limitations. Its
retrospective design and small sample size
constrain the strength of the conclusions.
Furthermore, the use of 3D-CRT, rather than
contemporary intensity-modulated radiotherapy
(IMRT), may limit the generalizability of the
findings to current clinical practice. Future
prospective studies with larger cohorts are
needed to validate these results and to establish
refined, modern dose constraints.

CONCLUSIONS

This dosimetric analysis demonstrates that:

1. Standard 3D-CRT techniques at our center
generally maintained OAR doses within
acceptable tolerance limits.

2. Common demographic factors exhibited
limited influence on dose distribution patterns.
3. Patient age may modestly affect penile
bulb exposure, warranting consideration during
treatment planning.

4. Implementing advanced techniques like
IMRT or VMAT could further optimize OAR
sparing and improve dose conformity.

These findings underscore the necessity of
individualized treatment planning and support
ongoing efforts to minimize radiotherapy-
related toxicity in patients with rectal cancer.
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