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ABSTRACT ___

PURPOSE: To perform a comprehensive dosimetric comparison of Intensity-Modulated Radiation Therapy (IMRT)
and Three-Dimensional Conformal Radiation Therapy (3DCRT) in the treatment of esophageal squamous cell carcinoma,
with emphasis on planning target volume (PTV) coverage and sparing of critical organs at risk (OARs). MATERIALS
AND METHODS: A retrospective analysis was conducted on 24 patients with histologically confirmed esophageal
squamous cell carcinoma. For each patient, clinically approved IMRT and 3DCRT treatment plans were generated
using the Eclipse Treatment Planning System. All plans prescribed 66 Gy to the PTV. Dosimetric evaluation was
performed using dose - volume histogram (DVH) parameters, including PTV D50%, mean liver dose, heart D50%,
maximum spinal cord dose (D0%), and mean lung dose. Comparative analysis was carried out to assess differences
in target coverage and OAR sparing. RESULTS: Both IMRT and 3DCRT achieved comparable PTV coverage, with
mean PTV D50% values of 66.46 Gy and 67.45 Gy, respectively. However, IMRT demonstrated significant reductions
in OAR doses. The mean liver dose was reduced by 33.71% (11.35 Gy vs. 17.13 Gy), heart D50% by 30.20% (25.45
Gy vs. 36.45 Gy), spinal cord D0% by 20.87% (36.35 Gy vs. 45.94 Gy), and mean lung dose by 31.80% (16.43 Gy vs.
24.10 Gy) compared to 3DCRT. These findings indicate superior dose conformity and improved normal tissue sparing
with IMRT. CONCLUSION: IMRT provides comparable target coverage to 3DCRT while significantly reducing radiation
dose to critical thoracic and upper abdominal organs. The observed dosimetric advantages suggest that IMRT may
contribute to reduced treatment-related toxicity and improved therapeutic ratio in esophageal cancer radiotherapy.
These results support the preferential use of IMRT in the management of esophageal squamous cell carcinoma,
particularly in settings where organ preservation is critical.
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Introduction ____

Esophageal squamous cell carcinoma (ESCC) remains
a major oncological challenge.2 due to its aggressive
nature and close anatomical proximity to critical organs
such as the lungs, heart, liver, and spinal cord. Radio-
therapy plays a key role in the definitive and adjuvant
management of ESCC,3 either alone or in combination
with chemotherapy. Achieving adequate target coverage
while minimizing dose to surrounding organs at risk
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(OARs) is essential4 to reduce treatment-related
toxicity.

Three-Dimensional Conformal Radiotherapy (3DCRT)
has been widely used5 for ESCC treatment due to its
simplicity and reproducibility. However, limitations in
dose conformity may lead to increased irradiationé of
adjacent normal tissues. Intensity Modulated Radio-
therapy (IMRT), through inverse planning7.8 and beam
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intensity modulation, allows improved dose shaping
around the target volume and has the potential to
enhance OAR sparing.

Despite the increasing clinical adoption of IMRT, the
relative dosimetric advantages over 3DCRT for ESCC
require careful evaluation, particularly in routine clinical
practice.? This study aims to compare IMRT and 3DCRT
in terms of planning target volume (PTV) coverage and
OAR dose parameters using dose - volume histogram
(DVH) analysis.

Material & Methods ___
2.1 Patient Selection

This retrospective dosimetric analysis included 24
patients diagnosed with esophageal squamous cell
carcinoma who were treated in the Department of Radi-
ation Oncology. All patients were planned for curative
radiotherapy according to institutional protocols.

2.2 Treatment Planning

For each patient, treatment plans were generated
using both 3DCRT and IMRT techniques during routine
clinical planning. All plans were created on the Eclipse
Treatment Planning System using photon beams from
a medical linear accelerator.

The prescribed dose to the planning target volume (PTV)
was 66 Gy, delivered in conventional fractionation. Target
delineation and organ-at-risk contouring were performed
according to standard clinical guidelines.

2.3 Planning Techniques

2.3.1 Three-Dimensional Conformal Radiotherapy
(3DCRT)

3DCRT plans were generated using three-field and four-
field beam arrangements, consisting of anterior, pos-
terior, oblique, and lateral fields as clinically appropriate.
Beam weights and field shapes were optimized to
achieve adequate PTV coverage while respecting OAR
constraints.

2.3.2 Intensity Modulated Radiotherapy (IMRT)
IMRT plans were created using a seven-field beam
arrangement. Inverse planning optimization was applied
to improve dose conformity to the PTV and reduce dose
to surrounding OARs.
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2.4 Dosimetric Evaluation

Dose-volume histograms were analyzed for all plans.
The following parameters were evaluated:

e PTV: Dose to 50% of the volume (D50%)

e Liver: Mean dose

¢ Heart: Dose to 50% of the volume (D50%)

e Spinal cord: Maximum dose (D0%)

* Lungs: Mean dose

All evaluated dose parameters were compared between
IMRT and 3DCRT techniques.

B'e_s_u'l'ts__

Dose - volume histogram analysis was performed for
24 patients to evaluate planning target volume (PTV)
coverage and organ-at-risk (OAR) dose parameters for
both Three-Dimensional Conformal Radiotherapy
(BDCRT) and Intensity Modulated Radiotherapy (IMRT).
Both techniques achieved adequate PTV coverage. The
average dose to 50% of the PTV (D50%) was 67.45 Gy
for BDCRT and 66.46 Gy for IMRT, showing a margi-
nal difference of 1.46% between the two techniques.
Although target coverage was comparable, IMRT dose
distributions were observed to be closer to the prescri-
bed dose of 66 Gy, indicating improved dose conformity.
Significant differences were observed in OAR dose
parameters between the two techniques. The mean liver
dose was 17.13 Gy with SDCRT and 11.35 Gy with IMRT,
representing a 33.71% reduction in liver dose with IMRT.
Similarly, the heart dose to 50% of the volume (D50%)
decreased from 36.45 Gy with 3DCRT to 25.45 Gy with
IMRT, corresponding to a 30.20% reduction.

The maximum spinal cord dose (D0%) was reduced
from 45.94 Gy in 3DCRT plans to 36.35 Gy in IMRT
plans, indicating a 20.87% reduction. In addition, IMRT
demonstrated a substantial reduction in pulmonary
dose. The mean lung dose decreased from 24.10 Gy
with 3DCRT to 16.43 Gy with IMRT, corresponding to a
31.80% reduction.

Overall, IMRT consistently achieved lower doses to all
evaluated OARs compared to 3DCRT while maintaining
comparable PTV coverage. These findings highlight the
dosimetric advantages of IMRT in reducing normal
tissue irradiation without compromising target dose
delivery.
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Di .
This dosimetric study compared Intensity-Modulated
Radiation Therapy (IMRT) and Three-Dimensional
Conformal Radiation Therapy (3DCRT) in patients with
esophageal squamous cell carcinoma (ESCC). Both
techniques achieved satisfactory planning target volume
(PTV) coverage, with mean PTV D50% values of 66.46
Gy and 67.45 Gy for IMRT and 3DCRT, respectively. The
small difference observed between the two techniques
suggests that both approaches are capable of delivering
the prescribed dose effectively to the target volume.
However, IMRT demonstrated superior sparing of
surrounding organs at risk (OARs), including the lungs,
heart, liver, and spinal cord.

The findings of the present study are consistent with
previously published reports comparing IMRT and
3DCRT in esophageal cancer. Xu et al. reported that
IMRT provided improved dose conformity and signi-
ficantly reduced doses to critical thoracic organs while
maintaining comparable target coverage. Similarly, Lin
et al. demonstrated that IMRT reduced cardiopulmonary
irradiation compared with 3DCRT, thereby potentially
lowering treatment-related toxicity. The comparable PTV
coverage observed in our study supports the conclusion
that the dosimetric advantages of IMRT are achieved
without compromising tumor dose delivery.

One of the most clinically relevant findings of this study
was the substantial reduction in mean lung dose with
IMRT. The mean lung dose decreased from 24.10 Gy
with 3DCRT to 16.43 Gy with IMRT, representing a
reduction of 31.80%. Previous studies have shown that
increased lung dose parameters are associated with a
higher incidence of radiation pneumonitis. Therefore,
the reduction in pulmonary dose achieved with IMRT
may contribute to improved treatment tolerance and
reduced respiratory complications.

A significant reduction in cardiac dose was also
observed. The heart D50% decreased by 30.20% with
IMRT compared with 3DCRT. This finding is particularly
important because radiation exposure to the heart has
been associated with an increased risk of long-term
cardiovascular morbidity. Darby et al. demonstrated a
relationship between cardiac radiation dose and
subsequent cardiac events, emphasizing the importance
of heart sparing during thoracic radiotherapy. The lower
cardiac doses achieved with IMRT may therefore provide
meaningful long-term clinical benefits.
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Similarly, the maximum spinal cord dose was reduced
by 20.87% in IMRT plans. Maintaining spinal cord dose
below tolerance levels is essential for minimizing the
risk of radiation-induced myelopathy. The improved dose
conformity of IMRT allows greater protection of the spi-
nal cord while preserving adequate target coverage.
Overall, the results of the present study demonstrate
that IMRT provides significant dosimetric advantages
over 3DCRT by reducing irradiation of critical organs
without compromising target dose coverage. These
findings support the growing evidence favoring IMRT
as the preferred radiotherapy technique for the treatment
of esophageal squamous cell carcinoma.

Study Limitations

The present study has several limitations. First, the
sample size was relatively small, consisting of only 24
patients, which may limit the generalizability of the
findings. Second, this was a retrospective single-insti-
tution dosimetric analysis and may not fully represent
outcomes across different treatment centers. Third, only
dosimetric parameters were evaluated, while clinical
outcomes such as local control, overall survival, acute
toxicity, and late toxicity were not assessed. Furthermore,
advanced plan quality metrics such as conformity index
(Cl) and homogeneity index (HI) were not included in
the analysis. Future prospective studies with larger
patient populations and clinical outcome evaluation are
required to validate the observed dosimetric advantages
of IMRT.

Practical Recommendations

* Based on the dosimetric findings of the present study,
IMRT should be preferred over SDCRT for the treatment
of esophageal squamous cell carcinoma whenever both
techniques are available.

* IMRT may be particularly beneficial in patients requiring
enhanced protection of critical organs such as the lungs,
heart, liver, and spinal cord.

e Careful evaluation of organ-at-risk dose parameters
should be incorporated into routine treatment planning
to minimize radiation-induced toxicity.

¢ Further studies comparing IMRT with other advanced
radiotherapy techniques, including VMAT, are
recommended to determine the optimal treatment
approach for esophageal squamous cell carcinoma
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PTV coverage in 3D-CRT vs IMRT
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Liver doses in 3D-CRT vs IMRT
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Heart doses in 3D-CRT vs IMRT
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Spinal cord doses in 3D-CRT vs IMRT
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