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CHAPTER 8

Reduction of heart volume 
during neoadjuvant chemoradiation 
in patients with resectable esophageal cancer: 
implications for adaptive radiotherapy
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Abstract
It was investigated whether the change in cardiac volume seen in esophageal cancer 
patients treated with chemoradiotherapy resulted in a clinically relevant change in 
the radiation dose distribution. For 13 patients with at least 55 ml reduction in cardiac 
volume, radiotherapy dose was calculated before and after the cardiac change. Dose 
to the target volume and to the heart did not show a clinically significant change, and 
adaptation of the treatment plan during the course of radiotherapy is therefore not 
advocated.

Keywords: Chemoradiotherapy; Esophageal cancer; Cardiac volume; Adaptive 
radiotherapy
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Introduction 
Adaptive radiotherapy can account for anatomical changes occurring during treatment. 
For day-to-day changes, such as bladder and rectal filling, multiple plans can be created 
prior to treatment from which an appropriate plan can be selected each day [14, 64, 
100]. However, for changes that have a systematic nature and occur during the course of 
radiotherapy, this strategy will not be valid. In this case, a strategy in which a repeat CT is 
acquired and a new treatment plan is created after a systematic anatomical change has 
occurred, i.e. replanning, will be more valuable [13, 82, 174, 175]. 

Recently, in a retrospective analysis (n = 26), we observed that during 4.5 weeks of 
pre-operative chemoradiotherapy for esophageal carcinoma the cardiac volume on cone 
beam CT (CBCT) decreased by approximately 65 ml; a mean volume decrease of 8% [176]. 
This observed change in heart volume could be of clinical importance as it could alter the 
dose distribution during treatment. If this leads to a change in dose delivery to the tumor 
and organs at risk, an adaptation of the treatment plan during the course of radiotherapy 
could be needed. It was therefore the aim of this study to assess whether a clinically 
relevant change in radiation dose distribution was observed due to the cardiac volume 
reduction. 

Methods
From April 2013 until December 2013, 23 patients were consecutively enrolled in this 
prospective study at the Academic Medical Center, Amsterdam, the Netherlands. 
Inclusion criteria were patients with resectable, histologically proven esophageal cancer 
requiring treatment with neoadjuvant chemoradiotherapy. Exclusion criteria were 
pre-existing cardiac disease or prior radiotherapy to the heart and/or esophagus. All 
patients provided written informed consent. Ethical committee approval was obtained 
on February 20, 2013. 

Cardiac volume was measured with two CT scans. The first CT scan was acquired 
within two weeks before start of radiotherapy, the second in the fifth and last week of 
radiotherapy. The cardiac volume was determined by delineating the heart contour 
according to previously published guidelines [166]. Delineations were performed by a 
single observer per patient to avoid inter-observer variations. 

To assess the effect of cardiac volume reduction on the dose distribution, the 
patients showing at least the median reduction in cardiac volume were selected. The 
cardiac contour reduction in the other patients was too small to expect a relevant effect 
on the dose distribution. To calculate the dose distribution after the reduction in cardiac 
volume, the post-treatment cardiac volume was projected on the pre-treatment CT scan 
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and dose was recalculated. To enable this, the pre-treatment CT scans were segmented 
in air, lung, tissue, and bone sections, and voxel values were replaced with -1000, 
-500, 0, and 700 Hounsfield Units, respectively. The cardiac delineation from the post-
treatment CT scan was then copied to the segmented CT scan, using the bony anatomy 
to reference the cardiac position (figure 1A). The difference between the pre-treatment 
and post-treatment heart contours was replaced with lung equivalent tissue during 
dose calculation using a density override, to simulate the volume reduction. Dose was 
calculated on the segmented scan with, and without the density override, using Oncentra 
treatment planning system (Oncentra 4.1, Elekta, Uppsala, Sweden) (figure 1 B+C). For 
both distributions, cardiac dose, i.e. average heart dose and V40Gy, was calculated. To 
assess the tumor coverage, i.e. the tumor receiving at least 95% of the prescribed dose, 
the V95% in the PTV was calculated.

Results
Heart volume decreased significantly by 55 ml (p < 0.001, 95% confidence interval: 37 
– 74 ml) between baseline and week 5. Table 1 shows the dosimetric results from both 
measurements, for the 13 patients with at least 55 ml reduction in cardiac volume. The 
heart V40Gy for the patient with the largest cardiac reduction increased from 5.8% to 
9.8% (table 1). Patient 13 showed the largest increase in average heart dose, which was 
2.8 Gy. This patient also showed the largest increase in tumor V95%, from 97.0% to 98.7%. 
For this patient, the largest reduction in cardiac volume took place in the path of the 
anterior beams. In the other patients the change in PTV V95% ranged from 0.7% to 0.45%, 
and the increase in average cardiac dose did not exceed 6.1 Gy. The observed changes 
never violated the clinically used dose constraints.

10 Gy
20 Gy
40 Gy

A B C

Figure 1: A: Pre-treatment CT scan. GTV is delineated in yellow, the PTV is delineated in red, the heart contour 

is delineated in green, and the post-treatment cardiac contour is projected in blue. B and C: Segmented pre-

treatment CT scan with dose distribution, without (B) and with (C) density override. Color overlays indicate 

PTV, and the respective cardiac contours. Isodose lines (pink and purple) indicate the areas receiving at least 

10, 20 or 40 Gy.
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Discussion
We did not find a relevant effect of the cardiac volume reduction on the radiation dose 
distribution. The reduction of the cardiac contour mainly took place in the low dose area, 
resulting in a relatively larger dose to the heart for an unchanged dose distribution. This 
explains the small, not clinically relevant increase in heart dose in some patients. Effects 
of cardiac volume reduction on tumor coverage were also limited, since the PTV coverage 
for most patients did not change more than 0.7%. This could be due to the fact that only 
a part of the radiation to the tumor is delivered through the heart. 

From this it can be concluded that the dose distribution does not change due to 
the cardiac volume reduction, therefore an adaptation of the treatment plan during the 
course of radiotherapy as suggested earlier [176] will not alter dose to the tumor and 
organs at risk. An adaptive strategy based on replanning is therefore not advocated.

Table 1: Dose parameters pre- and post-treatment.

Patient
Cardiac 
reduction (%)

Average heart dose 
(Gy)

Cardiac V40Gy (%) PTV V95% (%)

Pre-
treatment

Post-
treatment

Pre-
treatment

Post-
treatment

Pre-
treatment

Post-
treatment

1 18.1 24.7 26.1 5.8 9.8 97.1 96.4
2 15.5 23.9 23.8 5.9 8.1 99.4 99.5
3 7.71 21.9 22.7 5.5 7.1 99.7 99.6
4 11.1 20.1 21.3 3.4 5.5 97.1 97.1
5 7.44 20.6 20.3 4.8 4.0 99.5 99.5
6 7.41 20.2 19.7 6.4 6.0 99.4 99.4
7 7.41 17.7 17.6 1.3 1.5 92.2 92.5
8 7.98 22.3 23.6 3.9 6.7 96.9 96.9
9 8.19 26.7 27.3 3.6 5.2 84.8 85.2
10 6.41 21.5 21.6 6.5 7.0 97.5 97.6
11 11.6 19.4 19.4 1.8 1.2 89.4 89.8
12 9.79 22.9 22.8 6.0 6.0 97.8 97.9
13 11.9 23.9 26.6 4.0 10.0 97.0 98.7

Abbreviations: V40Gy: the heart volume receiving at least 40 Gy. V95%: the PTV volume receiving at least 

95% of the prescribed dose. In cases where the PTV V95% is lower than the clinically used dose objective, 

i.e. 99%, the PTV overlaps with air in the lungs, resulting in an apparent but clinically insignificant 

undercoverage. 


