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Introduction

Esophageal cancer is currently fifth most common 
cancer in India, accounting for 4.8% of all malignancies 
[1]. It’s also the leading cancer site in males in the 
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Purpose/Objectives: Definitive chemoradiation is an accepted alternative treatment in the management of 
esophageal cancer in patients who are not candidates for surgery. The location of esophagus poses a challenge 
because of its close proximity to the critical organs. Various modern techniques of radiation planning offer 
the advantage of better dose conformality and increased sparing of organs at risk. This study aims to compare 
the dosimetric parameters of Intensity Modulated Radiotherapy (IMRT) and Helical Tomotherapy (HT) 
planning techniques in radical radiotherapy for esophageal cancer patients. Materials/Methods: A total of 38 
patients of esophageal squamous cell carcinoma with clinical staging cT2-T4/N0-N2/M0 planned for definitive 
chemoradiation were enrolled from June 2021 till November 2022. CT simulation was done with intravenous 
and oral contrast, and contouring of tumor volumes and organs at risk were done according to RTOG contouring 
guidelines. All patients were planned for a total dose of 50.4Gy in 28 fractions. Radiation plans of IMRT and 
HT were generated for each patient. Dosimetric parameters of PTV D98, D2, Dmean, V95, V110, Homogeneity 
Index (HI) and Conformity Index (CI) were noted for both the plans. Organs at risk (OAR) parameters such 
as Lung (V20, V30, V5, Dmean), Heart (V25, V30, Dmean), Spinal Cord Dmax, Larynx (Dmax, Dmean) and 
Liver Dmean were noted. All parameters of the two different planning techniques were compared and analyzed 
using SPSS software v23 with paired t-test. Results: The coverage of the PTV in IMRT and HT was similar 
in terms of PTV V95 and PTV D98. The regions receiving more than 107% and 110% of the prescribed dose 
was significantly higher in IMRT compared to HT, on assessing V107, V110 and D2 (p=0.001). HI was similar 
in both the groups, but the CI was significantly better in HT compared to IMRT (0.9 ± 0.02 vs 1.03 ± 0.01; 
p=0.002). Doses to the lungs, heart and liver were similar between the two groups. IMRT had higher spinal 
cord (39.1 ± 3.2 vs 34.2 ± 5.5; p=0.001) and laryngeal dose (9.6 ± 5.5 vs 5.6 ± 3.7; p=0.009) compared to HT. 
Conclusion: HT offers better dose conformality and uniformity when compared to IMRT with lesser dose to 
spinal cord and larynx. As this is a dosimetric study, a larger sample size and patient follow up is essential for 
clinical correlation and assessment of benefit of different radiation modalities.
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northeastern region of India [2]. Multimodality treatment 
with neoadjuvant chemoradiation (NACTRT) and surgery 
is the established standard of care [3,4]. A majority of our 
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patients present with locally advanced cancers, which 
may not always be surgically amenable. Definitive 
chemoradiation (CTRT) is a widely accepted alternative 
treatment of early and locally advanced esophageal cancer 
patients who are surgically or medically inoperable, or in 
patients who refuse surgery [5]. Radiation treatment of 
esophageal cancer is challenging due to the critical location 
in the mediastinum. Its proximity to organs like the lungs 
and heart makes it difficult to achieve adequate dose 
coverage with conventional treatment techniques [4,6]. 
Higher doses of Organs at Risk (OAR) may result in 
acute or chronic pneumonitis, pulmonary fibrosis, cardiac 
dysfunction, or myelopathy. There is also an increased 
risk of pericardial effusion, myocardial ischemia, and 
heart failure. 

Modern treatment techniques like Intensity Modulated 
Radiotherapy (IMRT) and Helical Tomotherapy (HT) can 
provide better dose coverage and simultaneously decrease 
the OAR doses [7,8]. The use of these techniques can result 
in better deliverance of chemoradiation with minimal 
toxicities. They provide a good conformality of dose 
distribution in Planning Target Volume (PTV). However, 
an increase in the low-dose region is of imminent concern. 
A desirable dose color wash with adequate sparing of 
OARs is the ultimate goal of all high-end planning 
modalities. This study aims to compare the dosimetric 
differences between IMRT and HT planning techniques 
for early and locally advanced esophageal cancer.

Materials and Methods

A total of 38 patients of esophageal cancer with 
histologically proven squamous cell carcinoma planned 
for definitive CTRT were enrolled from July 2021 till 
September 2022. The patient details are elaborated in 
Table 1. Planning CT scans with intravenous contrast were 
taken in the supine position with thermoplastic mould for 
immobilization. The contouring of Gross Tumor Volume 
(GTV), Clinical Target Volume (CTV), PTV, and OARs 
were done according to  Radiation Therapy Oncology 
Group (RTOG) contouring guidelines as per 0436 protocol 
[9] in MONACO Treatment Planning System (TPS) 
version 6.00.01. The OARs that were contoured included 
the Lungs, Heart, Spinal Cord, Larynx, and Liver. The 
CTV was delineated using a 3cm craniocaudal expansion 
and a 1cm radial expansion concerning GTV. The nodal 
volumes included depended upon the grossly enlarged 
nodes as well as the primary location of the GTV. All 
enlarged lymph nodes received a 1cm expansion, and were 
included in the CTV. A PTV margin of 1cm was given 
circumferentially to CTV as per our institution protocol, 
and a dose of 50.4 Gray (Gy) in 28 fractions (1.8 Gy per 
fraction) was prescribed. The objectives of planning were 
to ensure more than 95% coverage of the PTV with at least 
95% of the prescribed dose with good conformality while 
maintaining the OAR dose constraints. All the patients 
were treated with the IMRT technique after approval of 
the planning. For the dosimetric comparison, the images 
were also transferred to PRECISION (ACCURAY) TPS, 
version 3.3.1.2 to generate plans for HT. 

The Elekta Synergy Linac has 120 Multi-Leaf 
Collimator (MLC) systems with dynamic motion 
and variable dose rates. IMRT planning was done in 
MONACO TPS for Synergy with 6MV photons using 
9 beams with Monte Carlo Optimization. Radixact-9 
Helical Tomotherapy utilizes a rotating linear accelerator 
in a ring gantry with the couch in motion. It uses 6MV 
X-rays with a 64 leaves binary collimator of a 40 cm wide 
fan of thicknesses 0.625 cm to an isocenter of 85 cm. The 
MLC leaves open 51 times per rotation while closing in 
between as the gantry moves at a constant speed [10]. 
The TPS algorithm for treatment planning is convolution 
superimposition in PRECISION Software.

Each patient had both IMRT and HT plans generated 
with the same prescribed dose. The parameters analyzed 
for the PTV were D98 (dose received by 98% of PTV), 
D2 (dose received by 2% of PTV), V95 (volume of 
PTV receiving 95% of 50.4Gy), V110 (volume of PTV 
receiving 110% of 50.4Gy), and the Homogeneity Index 
and Conformity Index for both the plans. The homogeneity 
index (HI) was evaluated as the difference between the 
maximum and minimum dose to the target volume divided 
by the prescription dose. The conformity Index (CI) was 
calculated as the ratio of the reference isodose line to the 
treatment volume. The principal optimization criteria 
were set as 95% of the prescribed dose covering the whole 
PTV (V95), with no more than 1% of the PTV receiving 
more than 110% of the prescribed dose (V110). The OAR 
parameters included Lung V20, V30, V5 (volume of lungs 
receiving 20Gy, 30Gy and 5Gy respectively) and Dmean 
(mean dose), Heart V25, V30 and Dmean (volume of heart 
receiving 25Gy, 30Gy and mean dose respectively), Spinal 
Cord Dmax (maximum dose received), Larynx Dmax and 
Dmean, and Liver Dmean. The dose constraints attempted 
in the planning were according to QUANTEC guidelines 
[11]. The statistical analysis was done using the SPSS 
(Statistical Package for the Social Sciences) software 
version 22 (V22.0) with a paired t-test, and a p-value of 
less than 0.05 was taken as significant.

Results

The plan details of the two techniques including beam 
specifics and the average dose volume statistics of the PTV 
and OARs are summarized in Table 2. The dose color 
wash of two representative patients is shown in Figure 1 
and the Dose Volume Histogram (DVH) comparison is 
shown in Figure 2.

The coverage of the PTV in IMRT and HT was similar 
in terms of PTV V95 (99.6 ± 0.4% Vs 99.4 ± 0.6%; p = 
0.15) and PTV D98 (49.8 ± 0.6 Gy Vs 49.7 ± 0.8 Gy; p 
= 0.35). However, the hot spots or the regions receiving 
more than 107% and 110% of the prescribed dose were 
significantly higher in IMRT compared to HT, as seen in 
assessing PTV V107, PTV V110, and PTV D2 (p=0.001, 
p= 0.001, p = 0.02, respectively). The volume of PTV 
receiving 107% and 110% of the prescribed dose was 
0% in the HT group. The homogeneity index (HI) was 
similar in both the groups (1.06 ± 0.01 vs 1.06 ± 0.02; p 
= 0.42), but the conformity index (CI) was significantly 
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groups. The Heart V25 (23.8 ± 19.9% vs 21.1 ± 14.9%; 
p = 0.27), V30 (18 ± 14.6% vs 15.5 ± 11%; p = 0.22), and 
Dmean (15.1 ± 10 Gy vs 15 ± 9.3 Gy; p = 0.49) were not 
statistically different in IMRT and HT.

The Spinal Cord and Larynx doses however were 
significantly higher in the IMRT group compared to HT. 
The Spinal Cord PRV Dmax and Spinal Cord Dmax were 
higher in the IMRT group (47.1 ± 3.7 Gy vs 45.2 ± 4.5 
Gy; p = 0.039; 39.1 ± 3.2 Gy vs 34.2 ± 5.5 Gy; p = 0.001 
respectively). The Larynx Dmax (42.5 ± 10.1 Gy vs 35.1 ± 
16.4 Gy; p = 0.003) and Dmean (9.6 ± 5.5 Gy vs 5.6 ± 3.7 
Gy; p = 0.009) were also higher in IMRT arm compared 
to HT arm. The liver Dmean was similar in both groups 
(8.2 ± 8 Gy vs 9.1 ± 9 Gy; p = 0.42).

Discussion

The burden of esophageal cancer in northeastern India 
is the highest in our nation [2]. As a large proportion of 
the patients present with locally advanced esophageal 
cancers, the trimodality management with neoadjuvant 
chemoradiation and surgery is not always feasible. Some 
patients refuse surgery, for whom CTRT is a viable 
choice. Definitive CTRT has shown comparable results 
with patients undergoing NACTRT plus surgery [5,4]. 
Factors like tumor location, long-segment disease, chronic 
smoking history, pre-existing pulmonary dysfunctions, 
etc. can influence the radiation-induced toxicities seen 
in definitive CTRT. Hence, the need for better radiation 
treatment delivery is of utmost importance. 

With the advent of IMRT, it has become possible to 
provide good dose coverage to the treatment volumes 
while maintaining an acceptable dose limit to the OARs. 
However, the risk of the subsequent increase in the 
low-dose region is always present. HT offers a different 
radiation delivery system in which patients are treated 
slice by slice. Although it provides better conformality 

better in HT compared to IMRT (0.9 ± 0.02 vs 1.03 ± 
0.01; p = 0.002).

The OARs assessed were the Lungs, Heart, and Spinal 
Cord in all patients. Larynx was assessed in patients 
receiving supraclavicular radiation, and the Liver was 
assessed in patients with distal esophageal disease. There 
was no significant difference in the dose received to the 
lungs between the IMRT and HT groups. The Lungs V20 
(27.6 ± 6.6% vs 26.6 ± 5.3%; p = 0.26), V30 (13.6 ± 4.1% 
vs 12.4 ± 3.1%; p = 0.10), and Dmean (14.8 ± 3.4 Gy vs 
15 ± 3.1 Gy; p = 0.41) were within the acceptable limits 
of the QUANTEC dose constraints in both the techniques 
[11]. But the low dose of Lungs, with respect to V5 (71.1 
± 18.6% vs 73.1 ± 19.1%; p = 0.34) was higher than the 
recommended <65% in both IMRT and HT arms. The 
low dose color wash region is shown in Fig 3 for both 
the plannings of a representative patient.

The dose received to the Heart was similar in both 

Characteristic Total (n=38)
Age (years)
     Range 38 – 72
     Median 61
Gender
     Male 28
     Female 10
Location of tumor in esophagus
      Upper 11
      Upper + Mid 10
      Mid 11
      Lower 6
Tumor length (cm)
      Range 4.5 – 9
      Median 7
T stage
      T1 -
      T2 10
      T3 26
      T4 2
N stage
     N0 18
     N1 12
     N2 8
     N3 -
TNM Stage (AJCC 8th)
     Stage I -
     Stage II 20
     Stage III 16
     Stage IV 2
Radiation dose 50.4 Gy
RT Technique IMRT
Concurrent chemotherapy with 
Paclitaxel + Carboplatin

Median Cycles - 5

Table 1. Patient and Treatment Details

Figure 1 a, Dose colour wash of 95% and 100% dose 
in IMRT; b, Dose colour wash of 95% and 100% dose 
in HT.
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compared to IMRT, the low doses of the OARs are 
comparable, if not more (Figure 3). Our study analyzes 
the dosimetric differences between the two techniques 
for a better understanding of striking a balance between 
adequate dose coverage and superior sparing of OARs.

Both IMRT and HT offered comparable dose coverage 
to the PTV, although dose homogeneity was better in 
HT. The V95 and D98 of PTV were 99.6% and 49.8 Gy 
respectively in IMRT, and 99.4% and 49.7 Gy respectively 
in HT, which were similar to the other dosimetric studies 
[12,13]. The volume of the PTV receiving higher than 
the prescribed dose, V107 and V110 was 0% in HT, 
showing better dose homogeneity compared to IMRT. 
The dose conformality was also better in HT, as seen 
with a CI of 1.03 when compared to the CI of 0.9 in 
IMRT. These observations were similar to the findings 

seen in previously conducted studies [13, 14]. As the 
patients are treated in a helical fashion with rotating linear 
accelerators, the underlying technology might explain the 
better CI seen in HT. 

The patients included in this study had predominantly 
upper and mid-third esophageal lesions. Sparing of the 
lungs and heart became difficult even with the use of 
IMRT and HT. The majority of the patients had a long-
segment disease, with the median length being 7cm. This 
resulted in significant radiation dose to the lungs and heart 
in both groups, as an increased amount of healthy tissue 
was being incorporated into the PTV. Invariably almost 
all patients of esophageal cancer treated in our institute 
have at least grade 1 pneumonitis during follow-up after 
CTRT. The use of IMRT results in a significant low-dose 
bath to the patient as evidenced by other studies [15,16], 
but the effect of HT has not been investigated extensively. 
The rotational technique can increase the spillage of the V5 
which might result in long-term pulmonary complications. 
Our study has shown similar lung dose parameters 
between both the techniques. Literature suggests that the 
development of radiation-induced pneumonitis can be 
reduced by adhering to reduced V20 and Mean dose to 
the lungs [17-19]. IMRT and HT techniques were able to 
achieve the dose constraints in V20 (27.6% vs 26.6%), 
V30 (13.6% vs 12.4%), and Dmean (14.8 Gy vs 15 Gy), 
similar to the available literature [13,14]. But the V5 of 
the lungs was higher compared to other studies. Wang 
et al showed an average V5 of 54.4% in HT and 44.8% 
in IMRT [13]. In our study, the V5 was 71.1% in IMRT 
and 73.1% in HT. This finding could be attributed to the 
long disease segments of the included patients. As the 
patients were treated with IMRT, the implication of HT 
in the patient’s treatment and its comparison with IMRT 
needs to be observed in a clinical and prospective setting.

The cardiac dose parameter for long-term toxicity was 
not achieved by the techniques. This can be correlated to 
the long craniocaudal length of the PTV and the location 
of the tumors. The dose limit of V30 of less than 46% was 
achieved to reduce the acute effect of pericardial effusion 
[20]. However, all the assessed dose parameters of V25 
(23.8% vs 21.1%), V30 (18% vs 15.5%), and Dmean 
(15.1 Gy vs 15 Gy) were significantly lower in our 
study in IMRT and HT compared to the existing data on 
dosimetric analysis [13,14]. The mean dose of the heart 
was also well below 26 Gy in both arms which could 
lessen chronic cardiac dysfunctions [21,22]. The Dmax to 

IMRT (n=38) HT (n=38) p value
Radiation dose 50.4 Gy 50.4 Gy
Number of beams 9 -
HI 1.06 ± 0.01 1.06 ± 0.02 0.42
CI 0.9 ± 0.02 1.03 ± 0.01 0.002
PTV V95 99.6 ± 0.4 99.4 ± 0.6 0.15
PTV V107 1.4 ± 0.9 0 0.001
PTV V110 0.01 ± 0.01 0 0.001
PTV D98 49.8 ± 0.6 49.7 ± 0.8 0.35
PTV D2 53.7 ± 0.4 52.2 ± 0.6 0.02
PTV Dmean 51.9 ± 0.3 51.4 ± 0.4 0.12
Lungs - V20 27.6 ± 6.6 26.6 ± 5.3 0.26
V30 13.6 ± 4.1 12.4 ± 3.1 0.1
V5 71.1 ± 18.6 73.1 ± 19.1 0.34
Dmean 14.8 ± 3.4 15 ± 3.1 0.41
Heart - V25 23.8 ± 19.9 21.1 ± 14.9 0.27
V30 18 ± 14.6 15.5 ± 11 0.22
Dmean 15.1 ± 10 15 ± 9.3 0.49
Spinal Cord PRV 
Dmax

47.1 ± 3.7 45.2 ± 4.5 0.039

Spinal Cord 
Dmax

39.1 ± 3.2 34.2 ± 5.5 0.001

Larynx - Dmax 42.5 ± 10.1 35.1 ± 16.4 0.003
Dmean 9.6 ± 5.5 5.6 ± 3.7 0.009
Liver Dmean 8.2 ± 8 9.1 ± 9 0.42

Table 2. Plan and Dosimetric Details

Figure 2. a, DVH IMRT; b, DVH HT
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the spinal cord was significantly less in HT compared to 
IMRT, even for the spinal cord PRV. Both the plans were 
able to limit the maximum dose to an average of 39.1 ± 3.2 
Gy in IMRT and 34.2 ± 5.5 Gy in HT, which is less than 
the recommended limit of less than 45 Gy [11]. However, 
HT fared better with improved dose homogeneity and 
conformality to PTV. The sparing of the spinal cord was 
better in our study than the doses achieved in previous 
studies [13-15].

Laryngeal toxicity has been mostly reported in cervical 
esophageal lesions [23,24], that were not included in our 
study. Patients with upper-third esophageal tumors who 
received supraclavicular radiation developed grade 1 and 2 
laryngitis during the treatment which was resolved during 
follow-up. HT provided better sparing of the larynx, 
though the clinical effect cannot be assessed as this is a 
dosimetric study.

Our study provided a direct comparison between 
two modern radiation modalities to better decide the 
usage of the existing facilities in our region and to 
provide a curative treatment with reduced toxicities. 
We have observed that although both techniques were 
able to provide comparable dose parameters, HT might 
be better in terms of better conformality and decreased 
dose to OARs. As the availability of HT facilities in 
India is limited, IMRT is still the preferred technique 
due to better accessibility. As this study is a dosimetric 
comparison, the clinical comparison of both therapies 
cannot be assessed. The observations based on our study 
warrant further investigation using a larger sample size in 
a prospective randomized design, with an assessment of 
clinical end-points that could provide important insights 
into the long-term outcomes of esophageal cancer patients 
treated with modern-era radiation modalities.

In conclusion, this study demonstrates that the use of 
IMRT and HT in early and locally advanced esophageal 
cancer provides good conformality of radiation dose with 
acceptable dose volume parameters of the OARs. HT 
planning was found to be better in dose homogeneity and 
conformality, as well as decreased doses to the spinal cord 
and larynx. Both the plannings resulted in a large area of 
low-dose bath in the patients. As this study is a dosimetric 

analysis between IMRT and HT, the authors advocate for 
further investigation using randomized and prospective 
studies. A larger sample size and longer follow-up of 
the patients will provide concrete data on the long-term 
clinical implications of both techniques.
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