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ABSTRACT

Introduction: Axillary irradiation is a part of adjuvant radiotherapy for breast cancer. During chest wall or breast
irradiation, axilla often receives some amount of dose which may help control micrometastasis or isolated tumour
cells but is not sufficient to treat axilla as a target volume. This study aimed to evaluate the dose received by axillary
levels I, 11, and Ill and the volume receiving 95% of the prescribed dose using standard breast tangents.

Methods: A cross-sectional study was conducted at Bhaktapur Cancer Hospital after ethical approval from the
Institutional Review Board (IRB), National Academy of Medical Science (NAMS) Ethical approval number:135/2078/79.
Seventy patients with early breast cancer who had undergone breast-conserving surgery (BCS) or modified radical
mastectomy (MRM) with sentinel lymph node biopsy (SLNB) or axillary lymph node dissection (ALND) with indication
for adjuvant radiotherapy were included. All patients received three-dimensional conformal radiotherapy (3DCRT)
to the whole breast or chest wall with or without supraclavicular lymph node region. Axillary levels on the ipsilateral
side were delineated using Radiation Therapy Oncology Group (RTOG) guidelines, and incidental doses to levels I-llI
were calculated.

Results: Axillary level | received a mean dose of 35 Gy, level Il 27.3 Gy, and level Il 26.4 Gy. The mean volume receiving
95% of the prescribed dose was 20.5 cc for level I, 10.6 cc for level II, and 10.7 cc for level llI.

Conclusions: Standard tangential radiation fields deliver adequate dose to breast or chest wall but underdose the
axilla. For patients at risk of microscopic metastasis to regional lymph nodes careful radiation planning to include
axilla as a target volume is recommended for better regional control of disease.
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INTRODUCTION Dose volume Histogram will help evaluate dose received

by axilla allowing for modification of the treatment plan
Adjuvant treatment of breast cancer includes accordingly.t

radiotherapy which provides local, regional control and
has overall survival benefit.! Over years, surgical and
radiation treatment addressing lymphatic drainage of
breast have become essential components of breast
cancer management.? During chest wall or whole breast
irradiation, the axillary regions receives some dose even
with meticulous planning.®? However it is insufficient
when we want to treat axilla as a target volume along
with breast/chest wall in patients with high risk features
for better local and regional control of disease.The use of

Although standard tangential breast/chest wall irradiation
delivers incidental radiation to the axillary lymph node
regions, the adequacy of this dose for therapeutic
regional control remains controversial. Understanding the
dose distribution to regional lymph nodes is important
for treatment planning, especially in patients at risk of
microscopic nodal disease. Therefore, this study evaluated
the incidental dose received by axillary levels I-lll and
the volume receiving 95% of the prescribed dose during
irradiation with standard breast tangent technique. This
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would help determine whether the axilla receives an
adequate radiation dose when intended to be included as
a clinical target volume along with the whole breast/chest
wall in patients with adverse histopathological features to
improve oncological outcomes and prevent locoregional
recurrence of disease.

METHODS

A cross-sectional study was conducted between 2021 and
2022 A.D at Bhaktapur Cancer Hospital after approval
from the Institutional Review Board (IRB), NAMS (Approval
No. 135/2078/79). In this study, existing radiotherapy
treatment plans were analysed without any intervention
or modification in patient management to evaluate
incidental axillary dose distribution during standard
breast/chest wall irradiation.

Seventy patients with early breast cancer attending the
outpatient Department of Radiation Oncology, Bhaktapur
Cancer Hospital, who had undergone BCS or MRM with
SLNB or ALND with indication for adjuvant radiotherapy
to the breast or chest wall with or without selective
regional nodal irradiation i.e supraclavicular lymph nodes
were included in the study. Clinical staging according to
AJCC TNM 8th edition was used. Patients with high-risk
nodal disease, including extranodal extension, fixed or
matted lymph nodes, and inadequate axillary lymph node
dissection requiring axillary irradiation were excluded to
maintain treatment uniformity.

All patients underwent CT-based planning to encompass
the breast or chest wall according to the type of surgery
performed. The field margins were determined using the
contralateral breast tissue as a reference and marked with
radiopaque markers. Simulation was performed in the
supine position using a breast board. All patients were
treated with three-dimensional conformal radiotherapy
(3DCRT) using either conventional or hypo fractionated
regimens. The axillary nodal levels on the ipsilateral
side were delineated according to RTOG guidelines,
and incidental doses to axillary levels |, 1, and Il were
calculated. The volume of the axilla receiving 95% of the
prescribed breast/chest wall dose was also calculated.

Inclusion criteria included patients aged more than 18
years with histologically confirmed breast cancer who
underwent BCS or MRM with ALND or SLNB and had
indication for adjuvant radiotherapy to the breast or chest
wall using standard tangential fields. Patients who had
previously received radiotherapy or patients with high-
risk nodal disease, including extranodal extension, fixed
or matted lymph nodes, and no or inadequate axillary
dissection requiring axillary irradiation were excluded
from this study to maintain treatment uniformity.

Consecutive sampling technique was used. Sample size

calculation was based on the study by Reznik et al.> Dose-
volume histogram (DVH) analysis was used to calculate
doses to the target volumes and axillary nodal levels.
Doses received by 95% (D95) of axillary levels I, II, and
Il were calculated. Mean dose, maximum dose, and
standard deviation were analysed. Statistical analysis was
performed using SPSS version 16. Data were entered into
Microsoft Excel before analysis. All comparisons of mean
doses were performed using two-sided paired t-tests.

RESULTS

A total of 70 breast cancer patients with indication of
adjuvant radiation therapy to chest wall after MRM and
to whole breast after BCS were enrolled in the study
after completion of surgery and chemotherapy. The age
distribution ranges from 28 years to 75 years. Axillary
lymph node level | received a mean dose of 35Gy whereas
level Il and Il received 27.3Gy and 26.6Gy respectively.
20.5cm3 volume of Level | whereas 10.6 cm3 and 10.7
cm3 volume of Level Il and Il received 95 % of prescribed
dose respectively. Patients with high-risk nodal disease
requiring inclusion of axillary lymph node levels in clinical
target volume, including extranodal extension, fixed
or matted lymph nodes, and no or inadequate axillary
lymph node dissection, were excluded from this study to
maintain treatment uniformity. Although some patients
had stage lll disease, dedicated axillary irradiation was
not part of the treatment plan, allowing assessment of
incidental axillary dose delivered by standard tangential
fields alone.

Table 1: Patient Demographics and Clinical

Characteristics (N=70)

Ageinyears Minimum: 28; Maximum: 75;
Mean: 47.5 £ 10.6
Sex Female 96% (n=67); Male 4 % (n=3)

distribution

Site of Breast Right: 58% (n = 41); Left: 42% (n =

Cancer 29)

Type of MRM: 77% (n = 54); BCS: 23% (n =

Surgery 16)

Clinical Stage Stage IIA: 30% (n = 21); Stage

(TNM 8t IB: 27% (n = 19); Stage Il1A: 20 %

Edition) (n=14),Stage IlIC:17% (n=12) ,Stage
11B: 5% (n= 4)

Hormonal ER/PR Positive: 64% (n = 45); TNBC:

Receptor 24% (n =17),

Status Her2 positive :5.7 % (n=4) ; ER/PR/

HeR2 positive: 5.7% (n=4)
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Table 2: Distribution of study participants
according to Axillary dose for Level |, II, Il

Axillary | Minimum | Maximum |M e a n

Levell 14 42.8 35 7.1
Level Il 3.3 41.3 27.3 12.1
Level Il 0.42 41.4 26.4 11.8

The table above presents data on the radiation dose
received by axillary lymph node levels (I, 1l, and lll)
when using the standard breast tangent technique
during breast/chest wall irradiation. Level | received the
highest mean dose of 35 Gy, likely because with standard
breast tangent technique 40-60% of prescribed dose is
incidentally delivered to level | .Level Ill shows the highest
variation, suggesting that some participants received little
or no radiation in that area. The high variability in Level IlI
could indicate inconsistent coverage using this technique.
No patients had adequate coverage of all axillary nodal
levels.

Table 3: Volume of axillary level I, Il and IlI
receiving 95 % of prescribed chest wall or breast
dose.

Axillary Levels | Volume of Standard
Axilla (cm3) Deviation

Level | 20.5 8.5
Level Il 10.6 134
Level IlI 10.7 5.5

This data shows that very less volume of axilla receives
the prescribed dose which leaves the axilla significantly
underdosed and needs modification of treatment plan
if axilla is planned to be treated as clinical target volume
along with breast /chest wall in patients with high-risk
features.

DISCUSSION

Post-operative radiation therapy to the breast or chest
wall is the standard approach for managing breast cancer
which provides local and regional control of disease
with less distant failure and increase in overall survival
rate. While the axilla receives a significant portion of the
radiation dose standard tangential fields do not provide
sufficient coverage. The mean radiation dose to axillary
levels 1, 1, and Ill was determined. The doses received
were 35 Gy, 27.3 Gy and 26.4 Gy for axillary level |, Il and
Il respectively. The results confirmed that axillary levels
are significantly under-dosed when treatment planning
focuses solely on irradiating the breast or chest wall
following surgery.

Other studies have shown axillary mean doses of 20-50 Gy
for axilla level | and 3—47 Gy for level Il with standard or
high tangential field during adjuvant radiation therapy
to breast/chest wall .5’ Radiation dose delivered to axilla
along with breast and chest wall depends on several
factors like body type,built,convexity of chest wall, axillary
vein route as well as radiation technique used such as
standard tangential field, high tangential field, and/or
field-in-field method using multileaf collimator.51°

Several studies have been conducted for the coverage of
axillary lymph nodes from whole breast tangential field
irradiation. One study!!reported that using STgFs, no
patient received complete coverage of the axillary level
I/ll lymph node volume. They concluded that definitive
irradiation of the Level | and Il axillary lymph node
regions required significant modification of the standard
tangential fields. Another study 6 showed that the use of
STgFs does not therapeutically treat the regional lymph
nodes. In their series, only 1 out of 25 patients had
adequate coverage of the Level | region, and no patient
had adequate coverage of Level Il. It was concluded in
many studies that the STgFs do not entirely include Levels
I and Il axillary nodes. Dose received by level Il was not
included in many of the studies.

In our study axillary volume receiving 95% of prescribed
dose was 20.5 Gy, 10.6 Gy and 10.7 Gy for level I, Il and
Il respectively. This dose is comparable with the dose
received in other studies as shown in the literature. The
average volumes of axillary levels as observed by Reznik
et al., Krasin et al. and Kataria et al. were 85 cc, 50 cc and
68 cc for level I; 17 cc, 23 cc and 25 cc for level Il and 5 cc,
6 cc and 8 cc for level Ill, respectively. 5612

Adequate coverage of axilla, defined as 95% of volume
receiving 95% of dose, was achieved in none of the
patients with any of the three techniques Intensity
Modulated Radiation Therapy (IMRT) ,3DCRT and ST.%?
Accurate radiation planning is crucial as our aim is to
provide maximum dose to tumor with minimal normal
tissue toxicity.

In order to treat axilla along with chest wall or breast
parenchyma we should modify the standard tangent
field.’® To treat level | and level Il as target we need to
increase the field border in order to have 95% coverage
of the axilla with homogeneous dose distribution. An
appropriate evaluation with 3D treatment planning system
and careful delineation of first two levels of axilla should
be achieved, field length, collimator angle, and gantry
angle should be chosen in such a way that the target
volume is homogeneously irradiated.*!* Literature has
shown that by extending the cranial border to 2 cm below
the humeral head and 2 cm deep to the chest wall-lung
interface, the radiotherapy fields used to treat the breast
can include the sentinel lymph node region and most of
axillary levels | and 11.14°
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CONCLUSIONS

The findings suggest irradiation with standard breast
tangent technique allows axilla to receive some amount
of radiation which may help control microscopic
metastasis in low volume disease. However, the dose is
not sufficient for adequate therapeutic coverage leaving
axilla significantly underdosed. So, careful design of the
treatment fields should be done to include the axilla as
a target volume for those patients with high-risk features
for better locoregional control of disease. When axillary
region has been addressed with adequate lymph node
dissection with no high risk features it should be excluded

from the radiation field to decrease toxicity. Future
research should focus on assessing the clinical outcomes
of modified tangent field techniques, with an emphasis on
local disease control, reduction of toxicity, and minimizing
long-term complications such as lymphedema and brachial
plexopathy.
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