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Abstract

Aim: There are only limited studies available in literature that discuss methods to reduce the
oesophageal dose and acute oesophagitis during breast cancer radiotherapy. The aim of this
study is to compare dose volumetric parameters of oesophagus in radiation treatment of breast
with and without oesophagus delineation.

Methods: Treatment plans of 44 patients, who underwent chest wall and supraclavicular fossa
irradiation, were selected for the study. Oesophagus was later delineated and treatment
replanned using three-dimensional conformal radiotherapy (3DCRT) considering oesophagus
as an organ at risk (OAR). The dose prescribed was 40 Gy/15 fractions to the planning target
volume (PTV). Dose volumetric parameters of oesophagus such as maximum dose (Diax),
mean dose (Dpean), the percentage of oesophagus volume receiving >15Gy (Vis),
>25Gy(V,s), >33Gy(V33) and ipsilateral lung volume parameters V,, Vg and V4 were com-
pared with already executed plans in which oesophagus was not delineated.

Results: Contouring the oesophagus as an OAR as a part of the radiotherapy treatment for
Carcinoma Breast resulted in statistically significant reduction in dose to the oesophagus.
No statistically significant change was found in the ipsilateral lung volume parameters. No com-
promise in plan quality was required as evident from the statistically non-significant differences
in Homogeneity index and Conformity index.

Findings: 3DCRT planning with oesophagus delineation can be considered as a method to
reduce oesophageal dose and the acute oesophageal toxicity during radiotherapy for carcinoma
breast.

Introduction

Radiotherapy (RT) plays an important role in the management of carcinoma (Ca) breast,
which includes irradiation of conserved breast, post mastectomy chest wall and supracla-
vicular fossa (SCF) nodal region.!? Acute oesophagitis (AE) is one of the toxicities that occur
during SCF irradiation. Since oesophagus lies in close proximity to the SCF nodes, slightly
towards the left from midline, there is a possibility to deliver greater doses of radiation to the
oesophagus, which may result in acute radiation oesophagitis. Acute oesophagitis may affect
the quality of life of the patient due to pain, difficulty in swallowing food and insufficient
nutrition due to modification of diet. A previous study’ demonstrated that patients who
received RT to the chest wall which included dose to oesophagus, experienced slower oeso-
phageal transit times.

Several methods are described in literature to reduce the radiation dose received by oesopha-
gus, which in turn reduce the severity of acute oesophagitis. Most of these studies are related to
thoracic and head and neck radiation.*® The techniques used to reduce oesophageal dose
include oesophagus avoidance by Intensity Modulated Radiotherapy (IMRT),'!! oesophagus
sparing by simultaneous integrated boost intensity modulated radiotherapy (SIB-IMRT)!? and
Contralateral Oesophagus-Sparing Technique by IMRT."

However, there are only limited studies related to the oesophageal dose and oesophagitis in
radiotherapy of Ca Breast. Out of the very limited works that are available, West et al.'* have
evaluated the factors influencing acute oesophagitis and Yaney et al.' have studied the dosimet-
ric parameters associated with acute esophagitis. The aim of this work is to analyse the effect of
oesophagus delineation on the dose received by oesophagus while treating Carcinoma Breast
with 3DCRT.
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Materials and Methods
Acquisition of clinical data

The study was conducted retrospectively by reviewing the radia-
tion treatment plans of 44 patients (22 right-sided and 22 left-sided
breast cancer) who were treated with 3DCRT for Ca Breast in
Government T D Medical College, Alappuzha, Kerala, from
January 2019 to April 2020. Post mastectomy patients with indi-
cations for chest wall and supraclavicular regional node irradiation
simulated in straight neck position were included in this study.
Patients with enlarged thyroid gland, and patients receiving radi-
ation for conserved breast and post mastectomy chest wall only
were excluded. Clearance from institutional review and ethical
boards was obtained for this study (number B3/1573A)

Simulation and treatment planning

The patients were simulated on 16 slice Philips Big Bore CT with
slice thickness of 2-5 mm. All patients were positioned supine on an
angulated breast board with both arms elevated and head and neck
in straight position with appropriate head rest. The breast board
was angulated to align the chest wall parallel to the surface of
the couch. Eclipse Somavision version 11 (Varian Medical
Systems, Inc., Palo Alto, CA, USA) was used for contouring,
and Eclipse Version 11 treatment planning system (Varian
Medical Systems, Inc., Palo Alto, CA, USA) was used to generate
the treatment plans for the patients. RTOG breast contouring atlas
was followed for delineation of clinical target volume and planning
target volume (PTV).!® The OARs routinely contoured included
both lungs, contralateral breast, heart and spinal cord. As practiced
in a busy clinic with very high patient load, oesophagus was not
contoured as OAR. Monoisocentric 3DCRT was used to treat both
chest wall and SCF together. Treatment plans (44 numbers) in
which oesophagus was not contoured as OAR were considered
as group A for the study. The same CT simulation image sets of
the 44 patients were used later, with the oesophagus contoured,
to generate 3DCRT treatment plans considering oesophagus as
an OAR. These set of plans were categorised as Group B. As there
is no consensus for oesophagus contouring as OAR in SCF irradi-
ation, oesophagus was delineated using the external oesophageal
contour/surface on the mediastinal window on each axial plane
of the planning CT scan from caudal border of cricoid cartilage
to lower border of supraclavicular PTV.

Hypofractionated dose of 40 Gy in 15 fractions was prescribed
to PTV for both chest wall and supraclavicular field irradiation.!”
The acceptance criteria for the treatment plans were 95% isodose
coverage to >95% of PTV. Dose constraints as suggested for hypo
fractionation'® were considered for treatment planning. The sec-
ond set of plans were generated with oesophagus as OAR. The
treatment plans were modified by angulating the SCF beams to
avoid the oesophagus as much as possible (an average of 15-17
degrees).

Dosimetric parameters

Dosimetric parameters were acquired from the DVH. The
recorded dosimetric parameters included Dy,,x and Dy, to the
oesophagus. Most of the available literature for the study of
OAR in radiotherapy for Ca Breast is based on the conventional
2 Gy per fraction. Since the patients in this study were treated with
hypo fractionation (2-7 Gy/fraction), biologically equivalent dose
in 2Gy per fraction (EQD2) was calculated for Dy.x and Dpean
to compare the study with the available literature. The percentage
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Table 1. Comparison of dosimetric parameters between groups A and B in
right-sided plans

GROUP A GROUP B Mean

Mean £ SD Mean £ SD Difference P value
Dinax (GY) 40.99+1.87 38541443 -2.45 0-02
Dmean (Gy)  14-11+4.24 8.36+2.89 -5.75 0-00
V15 oes (%) 33:80+£12-98 15.93+9-01 -17-87 0-00
Vos oes (%)  23-42+11.87 831637 -15.11 0-00
V33 oes (%) 13-20+9-88 2:80+£3-01 -10-39 0-00
V, lung (%) 51.52 +£14-47  54-49 +10-88 2:97 0-44
Vg lung (%) 39-5+14.26  41.90+12-32 2:31 0-56
V36 lung 33:09+13-44  34.79+12.32 1.69 0-66
(%)
HI 1.18+0:13 1.21+0-14 0-02 0-55
Cl 0-91+0-06 0-95+0-22 0-04 0-35

SD, standard deviation.

of oesophagus volume receiving dose >15 Gy (Vs), >25Gy (V,5)
and >33 Gy (Vs3) were also recorded. In the comparison of the
above-mentioned dose volumetric parameters the plan quality
was quantified using the Homogeneity Index (HI) and the
Conformity Index (CI). HI was calculated using the formula
HI = Ds/Dys"® where Ds is the minimum dose in 5% of PTV indi-
cating maximum dose and Dys is the minimum dose in 95% of
PTV indicating the minimum dose in the plan. The conformity
index was calculated using the formula CI= Vys/Vpry where
Vs is the volume of the 95% isodose and Vpry is the volume of
the PTV.20

Since dose to the ipsilateral lung is the major constraint in
radiotherapy of Ca breast, the percentage volume of ipsilateral lung
receiving doses > 4Gy (V,), >8Gy (Vs) and >16Gy (V5), as sug-
gested in RTOG 1005,'® was also collected from dose volume histo-
gram (DVH).

Statistical analysis

Data were analysed using statistical package for social studies
(SPSS wver.21). Group-wise comparison of all the dosimetric
parameters was made using independent ¢-test. Results were inter-
preted by using P value <0-05 as significant. Difference between
two groups was plotted using bar plot.

Results

This retrospective study included treatment plans generated with
and without oesophagus delineation for 44 patients of whom 22
had right-sided breast cancer and the remaining 22 had left-sided
disease.

Results of statistical analysis of the dose-volumetric parameters
are as shown in tables and figures.

Right breast

Statistical analysis of the dose volumetric parameters in Group A
and Group B for Ca right breast shows that contouring of oesopha-
gus reduces the Dy, to oesophagus, as shown in Table 1 and
Figure 1. The difference is statistically significant with P <0-05,
favouring oesophageal delineation. Ipsilateral lung volume
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Table 2. Comparison of dosimetric parameters between groups A and B in
left-sided plans

GROUP A GROUP B Mean

Mean + SD Mean + SD Difference P value
Drmax (GY) 4161+164  40-96+1-66 -0-64 0-20
Dmean (Gy)  19-25%5.14  13.86+3-63 -5.39 0-00
Vis0es (%) 53:.32+18:27  32,82+13:40 -20-49 0-00
Vys0es (%)  40-60 +18-47  21-02 +11.50 -19:58 0-00
V330€s (%) 26:73+16-21 9:-53+8-44 =17:19 0-00
V, lung (%) 56:29 +13-47  54-62 +15-50 -1.67 0-70
Vg lung (%) 44.36 + 14-00 41-62 +14-94 -2.74 0-53
Vi lung 38:23+13-50 3459 +14-94 -3-63 0-40
(%)
HI 1.15+0-07 1.17+0.07 0-03 0-25
Cl 0-93 £ 0-04 0-91 £ 0-05 -0-022 0-14

SD, standard deviation.

parameters V, Vg and Vi are different among the two groups with
slightly higher values in Group B, but the difference is not sta-
tistically significant. The CI is approximately equal to 0-9 in all
the cases with statistically non-significant difference between
Group A and Group B (P> 0-05.)

Left breast

Table 2 and Figure 2 give the dose volumetric parameters for treat-
ment plans for Ca left breast. Dyean, V15, Va5 and V33 are signifi-
cantly less in Group B favouring oesophageal delineation
(P<0-05). The differences in lung volume parameters, even
though slightly higher in Group A, are not statistically significant.
The mean difference between HI of the two groups is 0-03
with P> 0-05.

Right breast versus left breast

Table 3 and Figure 3 and 4 show a comparison of the dose volu-
metric parameters of oesophagus and ipsilateral lung for Ca right
breast cases with that of Ca left breast. As is evident from Table 3,
the Dpean and the volumetric parameters for oesophagus are higher
in the Ca left breast patients for both groups with a P value <0-05.
The plan quality is comparable in both right-sided and left-sided
disease with mean CI>0-9, the difference being statistically
nonsignificant.

Discussion

With the introduction of sophisticated radiation delivery equip-
ment and techniques, the concept of sparing OAR as much as pos-
sible has gained importance. Majority of studies about acute
radiation oesophagitis are related to lung cancer treatment, and
only limited studies are available with regard to Ca Breast. It has
been proven in these studies that acute oesophageal toxicity
depends on various oesophageal dose volume parameters includ-
ing Dean-'” In one of the studies, Li Ma et al.'? retrospectively
reviewed records of 87 lung cancer patients treated by SIB-
IMRT. Dypean of oesophagus in their study was significantly less
in oesophagus sparing group and patients had statistically signifi-
cant lower incidence of Grade3 Radiation Oesophagitis (G3RE) in
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the oesophagus sparing group. Hani Al-Halabi et al.'* in their study

of radiation treatment of lung malignancy contoured the cross-sec-
tional half of oesophagus opposite to the gross tumour as avoid-
ance. Contralateral oesophagus sparing had more favourable
dosimetry in comparison with the whole oesophagus, showing
effective oesophagus cross-section sparing. The median total radi-
ation dose was 70-2Gy. Despite the high total doses used in this
study, there were no cases of severe AE (G3) and less incidence
of grades 1 and 2 oesophageal toxicities.

Relevant studies related to this study are of West et al.'* and
Alexander Yaney et al.'®> Both have evaluated the dosimetric
parameters associated with radiation-induced oesophagitis in Ca
breast patients undergoing regional nodal irradiation (RNI). In
both the aforementioned studies, dose prescribed was 50 Gy in
25 fractions. To the best of our knowledge, this is the first study
in which hypo fractionated dose of 40 Gy in 15 fractions has been
prescribed.

West et al. using IMRT found an average mean dose (+SD) of
32-87 Gy (£7-4 Gy) to the oesophagus for patients who underwent
SCF treatment. The mean dose to the oesophagus for right sided
disease was 28-9 Gy (£6-59 Gy) and for Ca left breast was 38 Gy
(£6:03 Gy). On comparison of the left versus right breast, they
found that left-sided treatment reported a higher frequency of
G2RE. However, this was not statistically significant. They found
an overall mean dose to oesophagus of >31 Gy which was associ-
ated with increased frequency of G2RE. In our study, the Dyean
EQD2 oesophagus is 11-11 Gy (£4-:27). The reason for the higher
dose in IMRT as compared to this study, which used 3DCRT for
treatment planning, may be because, in IMRT efforts are taken to
achieve the set constraints only.

Alexander Yaney et al.'> compared oesophageal dose volume
parameters in IMRT vs. 3DCRT plans retrospectively. Their results
show that >15% of patients receiving RNI with IMRT develop
G2RE. Using normal tissue complication probability (NTCP)
modelling, they found that the most robust constraints related
to acute radiation oesophagitis were oesophageal mean dose < 11
Gy, V10 < 30% and V, < 15 %. In contrast to the 31% G2RE rate
by West et al., their study shows 16% G2RE.

In this study, the Dy,.,, EQD2 oesophagus is 8:36 Gy (+2-89)
for right-sided disease and 13-86 Gy (+3:63) for patients with
Ca left breast in oesophagus contoured group (group B) in contrast
to 14-11 Gy (+ 4-24) for Caright breast and 19-25 Gy (+5-14) for Ca
left Breast in group A. The differences between Dy, of Group A
and Group B are statistically significant with P < 0-05. The average
Dinean 18 11-11Gy in oesophagus contoured group (irrespective of
side) which is comparable to the robust constraint proposed by
Alexander Yaney et al. using biological modelling. This suggests
that oesophagus contouring helps in the reduction of mean dose
to oesophagus. Our study is retrospective and hence clinical cor-
relation with the occurrence of acute esophagitis has not been
evaluated. Since many of our patients complain of esophagitis, fur-
ther prospective studies have to be conducted by contouring
oesophagus as an OAR to analyse the adequacy of the constraint
prescribed by Alexander Yaney et al. amongst the population of
Kerala, India.

To achieve the required coverage of the PTV while sparing
the oesophagus, the SCF beams were angulated 5 to 7 degrees
more as compared to the plans without oesophagus contouring.
However, this did not have any statistically significant effect on
the Ipsilateral lung dose (volume of ipsilateral lung receiving >4
Gy (Vy), 28 Gy (Vg) and >16 Gy (Vy5)). The HI and CI are also
comparable in Group A and Group B with the difference in HI
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Table 3. Comparison of dose volumetric parameters between right- and left-sided plans for group A and group B.

GROUP A GROUP B
Right Breast Left Breast Right Breast Left Breast
mean £ SD mean = SD Mean Difference P value mean + SD mean + SD Mean Difference P value
Dimax (Gy) 40-99 +1-87 41-61+1-64 —0-61 0-25 38:54 £4-43 40-96 + 1-66 —2:42 0-021
Drnean (Gy) 14-11+4-24 19-25+5-14 —5.14 0-001 8-36+2-89 13-86+3-63 —5.49 0-00
Vy50€s (%) 33-80+12-98 53:32 £18-27 —19-52 0-00 15-:93+9-01 3282 £13-40 —16-89 0-00
V,s0€s (%) 2342 £11-87 40-60 + 18-47 —17-18 0-001 8:31+6-37 21.02£11.-50 -12.71 0-00
V330€s (%) 13-20+9-88 26-73£16-21 —13.53 0-002 2:83+3.01 9-53+8-44 —6-73 0-001
V,Lung (%) 51-52 + 14.47 5629 + 13-47 —4.77 0-26 54-49 +10-88 5462 +15-50 —0-12 0-97
VgLung (%) 39-58 +14-26 44-36 + 14 —4.78 0-26 4190 +£12-32 41-62 £ 14-94 0-27 0-94
Vislung (%) 33:09+13-44 38:23 £13:50 —5-13 0-213 3479 £12:32 34-59 + 14-94 0-19 0-96
HI 1.18+0-13 1-15+0.07 0-03 0-26 1.21+0:14 1.17 £0-07 0-03 0-33
Cl 0-91+£0-06 0-93 +0-04 —0-02 0-25 0-95+0-22 0-91 +£0-05 0-04 0-32
SD, standard deviation.
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Figure 4. Comparison of Ca left breast and Ca right breast plans in group B.

not exceeding 0-03 and P > 0-05. This proves that to spare the
oesophagus, the changes brought to the treatment plans did
not reduce the dose homogeneity or introduce any additional
hot in the PTV.

As is evident from Table 3, the oesophagus receives higher
Dinean When the disease is left sided. This is because the oesophagus
is inclined to the left as far as the root of the neck after which it
gradually returns to median plane near the fifth thoracic vertebra.?!
Hence, the angulation given to the SCF beam is not sufficient to
spare the oesophagus as much as in Ca right breast cases.

These results indicate the necessity of contouring oesophagus in
Ca breast RT and also the effectiveness of contouring in reduction
of oesophageal dose during RT. However, since there are no available
guidelines regarding dose constraints for oesophagus in Ca breast RT,
the dose volumetric parameters analysed in this paper for oesophagus
are based on the limited papers available. Prospective studies with
larger sample size will be required to further assess and arrive at
the constraints for oesophagus as an OAR in Ca breast RT.

Conclusion

Oesophagitis depends on mean dose received by oesophagus.
Contouring of oesophagus and 3DCRT planning can reduce the

https://doi.org/10.1017/51460396921000467 Published online by Cambridge University Press

mean dose received by the oesophagus without significantly affect-
ing ipsilateral lung dose and the plan quality. Hence, contouring of
oesophagus is preferable in RNI in ca breast to decrease the mean
dose to oesophagus and thus improve the quality of life of the
patients.

Acknowledgements. The authors thank Prof. Dr P L Rema Head of
Department of Radiotherapy, Government TD Medical College Alappuzha.

Financial Support. This research received no specific grant from any funding
agency, commercial or not-for-profit sectors.

Conflicts of Interest. The authors declare none.

References

1. Whelan TJ, Olivotto IA, Parulekar WR et al. Regional nodal irradiation in
early-stage breast cancer. N Engl ] Med 2015; 373: 307-316.

2. EBCTCG; McGale P, Taylor C et al. Effect of radiotherapy after mastec-
tomy and axillary surgery on 10-year recurrence and 20-year breast cancer
mortality: meta-analysis of individual patient data for 8135 women in 22
randomised trials. Lancet 2014; 383: 2127-2351.

3. TurkolmezS, Atasever T, Akmansu M. Effects of radiation therapy on oeso-
phageal transit in patients with inner quadrant breast tumour. Nucl Med
Commun 2005; 26 (8): 721-726.


https://doi.org/10.1017/S1460396921000467

10.

11.

12.

. Werner-Wasik M, Yorke E, Deasy ], Nam ], Marks LB. Radiation dose-vol-

ume effects in the esophagus. Int J Radiat Oncol Biol Phys 2010; 76(3
Suppl): S86-S93.

. Kim TH, Cho KH, Pyo HR et al,, Dose-volumetric parameters of acute

esophageal toxicity in patients with lung cancer treated with three-dimen-
sional conformal radiotherapy. Int J Radiat Oncol Biol Phys 2005; 62 (4):
995-1002.

. Ahn §J, Kahn D, Zhou S et al., Dosimetric and clinical predictors for radi-

ation-induced esophageal injury. Int ] Radiat Oncol Biol Phys 2005; 61:
335-347.

. Caglar HB, Othus M, Allen AM. Esophagus in-field: a new predictor for

esophagitis. Radiother Oncol 2010; 97: 48-53.

. Takeda K, Nemotto K, Saito H et al., Dosimetric correlations of acute

esophagitis in lung cancer patients treated with radiotherapy. Int J
Radiat Oncol Biol Phys 2005; 62: 626-629.

. Emami B, Lyman ], Brown A et al. Tolerance of normal tissue to therapeutic

irradiation. Int J Radiat Oncol Biol Phys 1991; 21: 109-122.

Woodford K, Panettieri V, Ruben JD, Senthi S, Limiting the risk of car-
diac toxicity with esophageal-sparing intensity modulated radio-
therapy for locally advanced lung cancers. ] Thoracic Disease 2016;
8 (5): 942-949.

Granton PV, Palma DA, Louie AV, Intentional avoidance of the esophagus
using intensity modulated radiation therapy to reduce dysphagia after pallia-
tive thoracic radiation. Radiat Oncol. 2017; 12: 27.

Ma L, Qiu B, Li QW et al. An esophagus-sparing technique to limit radi-
ation esophagitis in locally advanced non-small cell lung cancer treated by
simultaneous integrated boost intensity modulated radiotherapy and con-
current chemotherapy. Radiat Oncol 2018; 13: 130.

https://doi.org/10.1017/51460396921000467 Published online by Cambridge University Press

13.

14.

15.

16.

17.

18.

19.

20.

21.

Reshma Bhaskaran et al.

Al-Halabi H, Paetzold P, Sharp GC et al. Contralateral esophagus-sparing
technique to limit severe esophagitis associated with concurrent high-dose
radiation and chemotherapy in patients with thoracic malignancies. Int J
Radiation Oncol Biol Phys 2015; 92: 803-810.

West K, Schneider M, Wright C et al. Radiation-induced esophagitis in
breast cancer: Factors influencing onset and severity for patients receiv-
ing supraclavicular nodal irradiation. ] Med Imag Radiat Oncol 2020; 64:
113-119.

Yaney A, Ayan AS, Pan X et al. Dosimetric parameters associated with radi-
ation-induced esophagitis in breast cancer patients undergoing regional
nodal irradiation. Radiother Oncol 2021; 155: 167-173.

White JT, Arthur D, Buchholz T et al. Breast Cancer Atlas for Radiation
Therapy Planning: Consensus Definitions, Available from URL: http://
www.rtog.org/LinkClick.

The START Trialists’ Group, S M Bentzen, R K Agrawal et al., The UK
Standardisation of Breast Radiotherapy (START) Trial B of radiotherapy
hypofractionation for treatment of early breast cancer: a randomised trial.
Lancet Oncol 2008; 9: 331-341.

RTOG 1005, A phase III trial of accelerated whole breast irradiation with
hypofractionation plus concurrent boost versus standard whole breast irra-
diation plus sequential boost for early-stage breast cancer.

Kataria T, Sharma K, Subramani V, Karrthick KP, Bisht SS. Homogeneity
index: an objective tool for assessment of conformal radiation treatments. J
Med Phys 2012; 37: 207-213.

Feuvret L, Noél G, Mazeron J-], Bey P. Conformity index: a review. Int J
Radiat Oncol Biol Phys 2006; 64 (2): 333-342.

Grays Anatomy: The Anatomical Basis of Clinical Practice: Susan
Standring (Ed), 42™ Edition, Elsevier, 2020. page 473


http://www.rtog.org/LinkClick
http://www.rtog.org/LinkClick
https://doi.org/10.1017/S1460396921000467

	Comparison of dose volumetric parameters of oesophagus in the radiation treatment of carcinoma breast with and without oesophagus delineation
	Introduction
	Materials and Methods
	Acquisition of clinical data
	Simulation and treatment planning
	Dosimetric parameters
	Statistical analysis

	Results
	Right breast
	Left breast
	Right breast versus left breast

	Discussion
	Conclusion
	References


