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Abstract

Background: Comprehensive radiation therapy fields used in the management of early-stage breast cancer. Our
aim to determine the variability of the depth of supraclavicular (SCV) & infraclavicular (ICV) nodes, to estimate
the actual radiation dose received by these regions in a series of patients treated in the traditional technique, and to
compare these doses with those received by using an optimized dosimetric technique.
Methods: In 20 patients undergoing treatment-planning computed tomography (CT) scanning in the treatment
position, the maximum depth of the SCV and ICV lymph nodes and brachial plexus were measured on CT images.
Doses received at the 90% isodose surface for the SCV and ICV volumes were then estimated by using traditional
dose calculations and optimized planning. A repeated measures analysis of covariance was used to compare the
SCV and ICV depths and to compare the doses achieved with the traditional and optimized methods.
Results: We found that SCV nodes > 3 cm and ICV nodes > 4.5 cm will not be covered by 90% isodose surface.
However, as the depth to the SCV and ICV nodes increases, the percentage of the SCV volume encompassed within
the 90% isodose surface significantly decreases for cases of therapy planned by using traditional planning versus the
conformal optimized plan (p< 0.05%).
Conclusion: Conformal optimized planning provided improved dosimetric coverage compared with traditional
techniques.
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Introduction

The benefit of post-operative loco-regional therapy in
the management of high risk early-stage breast cancer
has been demonstrated. Recent randomized trials by
Overgaard and Ragaz; and meta-analysis by Whelan have
shown a signiﬁcant beneﬁt in survival by the addition of
post mastectomy radiation therapy in patients with positive
axillary nodes [1–4]. Comprehensive radiation therapy ﬁelds
used in these trials have included not only the chest wall
but also the regional lymph nodes. Although the exact
contribution of regional treatment to the survival beneﬁt
is uncertain, it is clear from these studies that treatment
to regional sites is of therapeutic beneﬁt.
Management of the axilla in the treatment of breast
cancer is primarily surgical, with level I, II dissection.
Axillary recurrence is approximately 1%–2% following
surgical dissection [5,6]. However, increasing the number
of involved axillary nodes in level I, II dissection, the risk of
involvement of level III ( Infra-clavicular; ICV region) and
the supra-clavicular (SCV) nodes increases as well [7,8].
Radiation therapy is used to treat patients at high risk for
microscopic residual disease of these nodes, resulting in

rates of regional first failure of only about 1.5% [9].
Usually, the SCV nodes and the ICV have been treated
with radiotherapy by using a standard single anterior field,
with full dose prescribed to a point in the central axis 3
cm deep to the surface of the skin. This technique was
developed in the pre-CT era. Although the nodes in these
regions considered at risk, tissues not at risk like shoulder
musculature are also included. This increases the potential
for radiation-associated complications [10]. Uniform dosing
to a depth of 3 cm in all patients for an arbitrarily defined
nodal volume is also of concern, whereas a large variation
in position of the regional LNs between patients has been
established [11-14]. This depends on body size, weights,
arm position and depth of subcutaneous adipose tissue
among individuals. Computed tomographic (CT) simulation
allows precise localization of the entire nodal regions at
risk and to deliver full-dose radiation therapy optimized
to these targets. It is also important to estimate the actual
dose received by organs at risk, such as the brachial plexus
and spinal cord.
We carried out a prospective study to delineate the SCV
and ICV on CT scans, to define the course of the brachial
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Table 1. Regional Nodal Contours: Anatomical Boundaries according to RTOG.
Cranial

Caudal

Anterior

Posterior

Lateral

Medial

SCV

Caudal to the cricoid Junction of brachiocartilage
ceph.- axillary viens./
caudal edge of clavicle
head

Sternocleido-mastoid
(SCM) muscle (m.)

Anterior aspect of
the scalene m.

Cranial: lateral edge of
Excludes thyroid
SCM m. Caudal: junction and trachea
1st rib-clavicle

ICV

Pec. Minor m. insert
on cricoid

Posterior surface Pec.
Major m.

Ribs and intercostal
muscles

Medial border of Pec.
Minor m.

Axillary vessels cross
medial edge of Pec.
Minor m.

Thoracic inlet

SCV: supraclavicular fossa; ICV: infraclavicular fossa.

plexus and spinal cord, to determine the variability of depth
of the nodes, to calculate the actual radiation dose received
by these nodal regions in patients treated in the traditional
technique, and to compare these doses with those received
with an optimized dosimetric technique.

Radiation therapy doses to the SCV and ICV regions were
estimated by using both a traditional and an optimized
technique. For the traditional method, a single anterior
field was set at 100 cm source-to-skin distance. This field
has generally extended superiorly to the thyro-cricoid
membrane, inferiorly to the inferior aspect of the clavicular
Patients and methods
head, medially to the midline, and laterally abutting the
Contrast material–enhanced CT scans obtained in 20 humeral head. The gantry was angled 10 degrees away
patients consecutively treated with radiation therapy at from the spinal cord. The dose to the supr-clavicular field
the department of radiotherapy, were used to delineate the was calculated to the center of the field at a depth of 3
anatomy of the SCV fossa and ICV. Each patient had been cm. Doses received at the 90% isodose surface for the
diagnosed with stage II breast cancer with pathologically SCV and ICV volumes were then calculated by using the
positive axillary nodes and had undergone surgery either Xio planning system. In identifying these structures, we
modified radical mastectomy (MRM) or conservative breast have superimposed the dose calculations traditionally
surgery. Radiation therapy is used to treat patients at high delivered to these regions and have estimated the doses
risk for microscopic disease of these nodes (SCV& ICV). Dose actually received by these nodal groups. For optimized
of radiation was 50Gy/ 25 fractions/ 5 weeks. CT was then technique, the depth of normalization was determined
performed in the treatment position. Patient was supine such that the 90% isodose surface covered the SCV and
in breast holder with head rest, ipsilateral arm above the ICV volumes. Posterior axillary boost (small field) was used
head and face turned to opposite side. Patient CT sections in some cases in optimized plan. Six-megavolt photons
were contiguously obtained at 5-mm intervals from the and lung inhomogeneity corrections were used for both
mid-neck to the diaphragm with administration of non- calculation techniques. The depth to the deepest aspect
ionic intravenous contrast material. CT images transferred of the target volume was measured with the gantry angle
to the planning system. The SCV and ICV nodes, brachial set at 0 degree in all patients.
plexus and spinal cord were carefully outlined on each
Brachial plexus nerves have an irregular course and the
transverse CT section by using the three-dimensional patient body habitus varied, therefore, the distance from
system (Table 1). Summarized the boundaries of both SCV the skin to the plexus varied according the position. The
and ICV nodes according to Radiotherapy Oncology Group minimum (min) and maximum (max) depths from the skin
(RTOG) guidelines [15].
to the brachial plexus nerves were measured on each scan.
The course of the brachial plexus was also outlined on The mean brachial plexus (BP) depth, calculated as (BP min
each CT section. The brachial plexus usually arises from the + BP max)/2. The maximum dose to the spinal cord was
roots of the fifth cervical (C5) through the first thoracic (T1) also estimated. The cervical oesophagus and the apex of
nerves. At approximately the T1 vertebral level, the brachial ipsilateral lung were contoured and the mean dose for each
plexus courses between the anterior and middle scalene case was estimated then the median dose for all patients
muscles. In the inferior portion of the SCV, the brachial in both group.
plexus closely follows the path of the subclavian artery.
The statistical method is a paired-comparison t- test in
Specifically, the neural bundles are located just anterior to that it is used to estimate the within-patient correlation
the subclavian artery, and then course immediately posterior between plans.
and parallel to the subclavian artery. The terminal branches
of the plexus then surround the subclavian-axillary artery. Results
Thus, even though the brachial plexus can be difficult to Patient’s age ranged from 40 to 65 years (median, 52 years).
identify on transverse CT images, the anterior and middle Fourteen patients had MRM and 6 patients had intact
scalene muscles and subclavian-axillary arteries can be used breast. The median weight of patients was 71 kilograms
to identify the expected course of the plexus [16].
(range, 52 to 90). There is a direct proportion between
2
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Figure 1. Relation between weight of patients and depth of
LNs.

Figure 2. showed the relation between depth of the SCV
and the percentage of the SCV volume encompassed within
the 90% isodose surface for 2D & 3D.

Figure 3. Shows the comparison of the ICV depth with
the percentage of the ICV volume within the 90% isodose
surface for 2D & 3D.

the weight of patient and the depth of LN (Figure 1). The
field size encompassed the SCV and ICV is very tight in the
optimized 3D plan rather than the traditional 2D plan. The
median field size is 10.8 × 7.85 cm and 8.2 × 5.8 cm for the
traditional and optimized plans respectively. The SCV field
of the optimized 3D plan restricted the radiation dose to the
defined nodal volumes with sparing tissues at the lateral and
superior aspects of a traditional SCV field. For the conformal
optimized plans, the gantry angle was modified in all patients
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to cover both SCV and ICV volumes. The gantry angle was
150 in 6 patients, 200 in 6 patients, 220 in 4 patients, and
250 in 4 patients.
The maximum median depth of SCV nodes was 5 cm
(range, 3.2-6.6 cm). In the 3D conformal plan, 99.5% of the
SCV volume was covered by the 90% isodose surface. This
compares with a median 85.5% of the SCV volume covered
by 90% isodose surface in the traditional plan. (Figure 2)
showed the relation between maximum depth of the SCV
and the percentage of the SCV encompassed within the
90% isodose which is significantly decreases for traditional
planning versus the conformal plans (p < 0.05). Nodes at a
depth > 3 cm would receive < 90% of the delivered dose
in the traditional plan.
The maximum median depth of ICV nodes was 5.8 cm
(range, 3.4-7.2 cm). Ninety seven percent of the ICV volume
was covered by the 90% isodose surface in the conformal
plan. This compares with a median of 79.5% of the ICV
volume encompassed by surface in the 90% isodose the
traditional plan. (Figure 3) shows the comparison of the
ICV depth with the percentage of the ICV volume within
the 90% isodose surface and demonstrates a significant
difference between the regression lines for both plans (p <
0.05). This means that a decreased radiation dose delivered
to the nodes with the traditional plan. Nodes at a depth ≥
4.5 cm would receive < 90% of the delivered dose in the
traditional plan.
The median depth of BP was 5.4 cm. Seventy nine percent
of BP was encompassed within the 90% isodose surface
in the conformal plan versus 40% for the traditional plan.
The median maximum dose to the spinal cord was 34 Gy
in the 3D optimized plan compared with 44 Gy for the
traditional plan. The median dose to the esophagus and
apex of lung were 16.5 Gy and 40 Gy respectively in the
3D optimized plan compared with 24 Gy and 34 Gy for
the traditional plan respectively. Most of the esophagus is
spared in the optimized plan by angel of the gantry away
from the esophagus and cord. The anatomical course of
the esophagus is shifted from the right side in the upper
level to the left side in the lower level entering the thorax.
This means that volume of the esophagus depends on the
laterality of breast.

Discussion

Since a significant benefit in survival has been demonstrated
for patients treated with post-operative loco-regional
radiotherapy, the interest for optimization by conformal
radiotherapy has increased [17-20]. Conformal radiotherapy
based on CT delineation of the LNs targets and organ at risk.
Based on the RTOG guidelines for regional LNs delineation
[15], we found that the field size of optimized technique
is more précised than traditional field. This minimizes
unnecessary radiation to uninvolved normal tissues in
the superior medial and lateral portions [21]. Therefore,
delivery of radiation therapy to only those tissues that
3
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require treatment could potentially result in decreased
rates of radiation related shoulder morbidity. It is also
possible decreased rates of arm edema. Significant shoulder
dysfunction appeared in patients received post mastectomy
radiotherapy in the Danish trial [10]. Thus, measures should
be taken which could improve long term functional outcome
in breast cancer survivor.
Anatomically based guidelines for delineation of the
regional LN for loco-regional irradiation of the breast on
transverse CT-slices, made in treatment position, have been
developed [14,15]. These could be used as for conformal
radiotherapy. The depth of LN varies according to the body
size, weights, subcutaneous adipose tissue, position of the
arm [22,23]. We found that dose prescription at 3 cm depth
significantly underdoses these regions compared with
conformal technique. Unless proper delineation of the LN
regions, these regions significantly will receive low doses.
We found that SCV nodes > 3 cm and ICV nodes > 4.5 cm
will not be covered by 90% isodose surface. However, as the
depth to the SCV and ICV nodes increases, the percentage
of the SCV volume encompassed within the 90% isodose
surface significantly decreases for cases of therapy planned
by using traditional planning versus the conformal optimized
plan [21,23].
Estimations of dose received to the brachial plexus for
traditional versus optimized planning revealed that higher
doses are received to the plexus by using the optimized
plans. Although not well documented, clinical studies
of peripheral nerve tolerance suggest a 5% occurrence
of radiation-induced brachial plexus injury at doses of
60 Gy in 2-Gy fractions [24]. This means that despite the
delivery of a higher dose of radiation to the brachial plexus
volume by using the conformal technique, a higher rate
of complications would not be expected with the dose
restricted to 50 Gy.
Recent advances in technology have brought significant
improvement in radiation therapy. New treatment techniques
have been developed to achieve dose distributions that
can provide high degrees of target dose conformity and
homogeneity. Intensity-modulated radiation therapy (IMRT)
implemented clinically as an advanced form of threedimensional conformal radiation therapy (3DCRT). IMRT
improved coverage of the target and reduced normal tissue
dose while achieving the same tumor coverage. To achieve
these goals, a defined clinical target must be determined
that allows not only restriction of the treatment field to
the designated targets but also allows three-dimensional
delivery of therapy [21,25].

Conclusions

RTOG has been developed a consensus guidelines for
delineation of the breast and its regional LN. The 3D tissue
volumes containing the SCV and ICV nodes were defined on
CT scans by using readily identifiable anatomic landmarks.
Optimized radiation therapy planning provided improved
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coverage of these structures compared with traditional
planning, with greater sparing of uninvolved tissues.
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