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Purpose: This study of internal mammary lymph node chain (IMC) irradiation in patients with left breast cancer aimed at comparing
the merits of using, on one hand, a dedicated direct IMC electron field versus a wide tangent photon field covering both breast and
IMC on the other. The objective was to produce guidelines allowing clinicians to readily determine the preferred method for each
patient.

Methods and Materials: For 19 patients with cancer of the left breast/chest wall, we produced 2 treatment plans each using a different
technique: the electron technique using 2 standard opposed photon tangents covering only the breast or chest wall along with a
matching adjacent electron field targeting the IMC only or the wide tangent technique using 2 opposed wide tangents covering
simultaneously IMC and breast or chest wall. All plans were then optimized for acceptable target coverage.

Results: For patients where the left anterior descending coronary artery (LAD) was located outside of the wide tangent fields (13
patients), the wide tangent technique resulted in lower dose to the LAD, left lung, and heart. When the LAD was inside the wide
tangents (6 patients), dose was lower with the electron technique for LAD and heart. In all cases, regardless of LAD location, the wide
tangent technique returned strictly superior dose homogeneity but much higher right (contralateral) breast dose.

Conclusions: A flowchart was produced based on LAD location that allows the clinician to readily determine the preferred technique
for each patient without having to perform and compare 2 treatment plans, thus saving valuable planning time.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction therapy to the IMC has remained controversial for a long
time in the management of breast cancer. In 2015, 2 ran-
domized trials"” demonstrated a benefit in disease-free
survival with lymph node irradiation (both axillary and
IMC). Similarly, the Danish Breast Cancer Group found
an overall survival benefit for IMC irradiation.” As a
result, the IMC is now often included in the treatment of
patients at high risk of locoregional recurrence.

Unless there is clinical or pathologic involvement of
internal mammary lymph node chain (IMC) in locally
advanced breast cancer, the need for adjuvant radiation
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first, the electron technique, uses a pair of standard
opposed shallow photon tangential beams to cover the
breast without the IMC, with a direct dedicated electron
field targeting the IMC only and matched with the adja-
cent photon tangents. The second, the wide tangent tech-
nique, uses 2 photon tangent fields widened medially,
enough to cover the IMC, thus eliminating the need for a
dedicated IMC electron field. Treatment by proton beams
or by IMRT photon beams are 2 other techniques cur-
rently used much less frequently, the first being promising
but still largely unavailable and the second delivering con-
siderable unwanted dose to the contralateral breast and
heart.

In this study, we aimed at comparing the 2 techniques:
electron versus wide tangent for adjuvant left breast can-
cer radiation therapy in terms of target coverage and dose
to adjacent organs at risk, including mean heart dose,
average and maximum ipsilateral left lung dose, average
and maximum dose to the left anterior descending coro-
nary artery (LAD), right breast mean and maximum dose,
and hot spots anywhere in the patient. The objective was
to produce guidelines allowing clinicians to readily recog-
nize the preferred method for each patient without having
to perform and compare 2 different treatment plans.

Methods and Materials

Nineteen patients with left breast cancer previously
treated in our center for breast and IMC were selected
and anonymized. Using the existing patients’ computed
tomography simulation scans, a radiation oncologist con-
toured for each patient the IMC clinical target volume
(CTV) and planning target volume (CTV + 5 mm), heart,
LAD, right breast, lung, and inferior medial breast border
(Fig. 1). A physicist then produced 2 3-dimensional

Figure 1 Three-dimensional display of the contoured
internal mammary lymph node chain lymph nodes, heart,
left anterior descending coronary artery, and right breast.

conformal plans for each patient: 1 electron plan and 1
wide tangent plan to compare the 2 techniques (both
plans including SCV irradiation to 50 Gy). The treatment
planning system was the Eclipse V.15.1 (Varian Medical
Systems, Inc, Palo Alto, CA) commissioned for a Siemens
Artiste linear accelerator with a 160 multileaf collimator
(MLC), each leaf projecting a 5-mm width at isocenter.
The tangent fields were drawn in the planning system on
a beam’s eye view, encompassing all breast tissues (plus
IMC for the wide tangent technique) and limiting the
irradiated lung to 2 to 2.5 cm.

For all plans, the prescribed dose was 50 Gy to the
breast or chest wall with IMC node coverage set at 40 Gy
to 99% of the volume (V40 > 99%), in keeping with the
guidelines of the MA.20 group work.” All plans were
approved by the attending physician before analysis.

In what follows, the term “breast” will be used to
equally denote breast or chest wall.

The electron technique

In the electron technique, a pair of standard tangents
were drawn to cover the left breast, and an adjacent
medial IMC electron field was used, matched on skin with
the tangents. The purpose of the latter field was to cover
the IMC nodes but also the inferior part of the medial
breast target (below the IMC) excluded from the tangents
for lung/heart sparing reasons. The angulation of the elec-
tron field was 5° to 15° diverging from the photon tan-
gents to reduce under coverage at the junction line with
the tangents. Electron dose calculations were done using
the Eclipse Monte Carlo algorithm for improved accuracy
in the presence of bone and lung inhomogeneity. The
electron beam’s energy was optimized to provide adequate
IMC coverage (V40 > 99% to the CTV), yet minimize
dose to the underlying heart and lung. When the initially
selected electron energy did not provide deep enough
dose coverage to the IMC, it was combined with the next
available higher electron energy with gradual increase of
the latter’s relative dose weight to reach satisfactory cover-
age. In addition, when a small segment of the IMC was
still not adequately covered by the electron field alone, a
small direct photon field patch was added within the elec-
tron field to improve coverage at the specific IMC cold
spot. This was sometimes needed at the superior-most
part of the IMC where the chest wall overlying the IMC
was thick and when the IMC happened to be running
very close to the sternum, thus shaded by it from the
angled electron field over a short section of its length. The
field typically carried a low dose and was planned to be
delivered along with the main tangents (using same iso-
center) but with the same gantry angle as the IMC elec-
tron field (Fig. 2A).

Then, dose coverage was checked for the inferior part
of the medial breast located anterior to the heart, inferior
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Figure2 Schematic drawing of (A) the electron technique and (B) the wide tangent technique.

to the IMC (breast tissues located under the blue patch in
Fig. 2A). If over coverage of the tissues was observed in
this location (dose reaching too deep beyond the breast
tissues into heart and lung), the previously described elec-
tron field was split into 2 smaller adjacent matched elec-
tron fields with different energies: a superior field
targeting the IMC and an inferior field with a lower
energy intended to cover the inferior medial breast tissues
with minimal dose transmitted to the underlying heart
and lung. These 2 latter fields were individually shaped to
adequately cover medial breast tissues and match with the
medial border of the photon tangents (Fig. 2A).

The wide tangent technique

In the wide tangent technique (Fig. 2B), no electron
field is used, and the previously described tangent pair is
instead widened in the medial direction to include the
IMC and the inferior medial target breast tissues, while
keeping the LAD outside the wide tangents’ field border

by closing the MLC over the LAD by a certain margin
(Fig. 3).

Results and Discussion

While designing the wide tangent, we were able to
block the LAD by a margin of at least 5 mm without
under-coverage of the medial breast tissue for 13 out of
19 patients only (Fig. 3A). We will refer to this group of
13 patients as the “LAD outside” group. For the remain-
ing 6 patients, the LAD could not be shielded by the MLC
without under-coverage of the medial breast tissue; thus it
had to be included inside the wide tangents (Fig. 4). We
will refer to this group of 6 patients as the “LAD inside”
group.

The dosimetric parameters used in comparing the
merits of the 2 techniques were mean heart dose, maxi-
mum LAD dose, mean LAD dose, mean lung dose, V20
lung (left lung volume receiving 20 Gy or more), mean
right breast dose, right breast maximum dose, and D0.2

) Ry
=
.

Figure 3 Wide tangent technique. (A) Beam’s eye view for medial tangent field showing the inclusion of the internal
mammary lymph node chain in the field and exclusion of heart and left anterior descending coronary artery by a certain
margin. (B) Axial slice showing the coverage of the inferior medial breast tissues within the field’s medial border repre-
sented by the 50% isodose line.
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Figure 4 Wide tangent technique for the left anterior descending coronary artery inside group. (A) Beam’s eye view for
medial tangent field showing the inclusion of heart and left anterior descending coronary artery within the field to cover
the medial breast tissues. (B) Axial slice showing the coverage of the inferior medial breast tissues within the field’s medial

border represented by the 50% isodose line.

cc (minimum global dose to the hottest 0.2 cc of tissue,
representing the plan’s hot spot). LAD dose and mean
heart dose are both correlated with cardiac morbidity,s’7
whereas mean lung dose and V20 are correlated with lung
pneumonitis.*” Parameter values used in the comparison
included the contribution from all the fields shown in
Fig. 2, including SCV.

For the LAD outside group (where it was possible to
place the LAD outside the field edge by a margin of at
least 5 mm), Tables 1 and 2 give values for the above
parameters, respectively, for the electron technique and
the wide tangent technique.

In this group, based on the mean column in Tables 1, 2,
and 3, we can conclude: the LAD dose (mean LAD and
max LAD) using the wide tangent technique was about half
of the dose using the electron technique. Also, the wide tan-
gent technique gave a 20% reduction in hot spot over the
electron technique, as given by the D0.2 cc parameter, along

with a lower left lung dose (V20 and mean) and a lower
mean heart dose. Another advantage of the wide tangent
technique was an expected shorter treatment time and
fewer potential errors in treatment delivery due to the more
complex nature of the electron technique where more fields
have to be critically matched and delivered. The high values
recorded for D0.2 cc with the electron technique are
because of the electron-electron or electron-photon field
match and are caused by the typical bowing out of the fields
below the surface. These hot spots were considered clini-
cally acceptable by the radiation oncologist approving the
plan because they concerned a very small volume of tissue
located within the chest wall muscle.

This confirms the superiority of the wide tangent tech-
nique for patients where the LAD is outside of the field by
a margin of at least 5 mm. The only weakness of this tech-
nique was a higher contralateral maximum right breast
dose caused by the proximity to the medial right breast of

Table 1  Dosimetric values for the electron technique in the LAD outside group

Patient no. 1 2 3 4 5 6 7 8 9 10 11 12 13 Mean Sigma
V40 IMC (%) 99.6 99.7 993 999 100.0 99.3 99.2 99.6 100.0 99.7 99.8 999 1000 99.7 0.3
Mean heart dose (Gy) 29 1.7 25 18 21 23 17 20 1.6 30 26 15 1.9 21 05
Max LAD dose (Gy) 182 99 370 113 150 286 18.0 329 177 202 208 207 133 203 7.8
Mean LAD dose (Gy) 99 50 171 56 75 174 63 240 87 72 108 96 63 104 55
V20 left lung (%) 20.7 179 23.6 195 223 213 244 196 242 21.7 287 237 187 220 28
Mean left lung dose (Gy) 11.2 101 120 112 115 11.5 121 103 122 11.6 136 119 105 11.5 0.9
Max right breast dose (Gy) 202 31 75 34 38 30 24 18 116 170 81 46 676 119 17.0
Mean right breast dose (Gy) 1.0 05 12 05 06 07 05 02 07 08 05 08 09 07 03
Global max dose D0.2 cc (Gy) 67.0 63.0 747 684 713 670 702 719 772 709 773 69.7 729 709 39
Abbreviations: IMC = internal mammary lymph node chain; LAD = left anterior descending coronary artery.
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Table2 Dosimetric values for the wide tangent technique in the LAD outside group

Patient no. 1 2 3 4 5 6 7 8 9 10 11 12 13 Mean Sigma
V40 IMC (%) 99.0 100.0 99.3 100.0 99.7 99.2 100.0 99.9 99.8 985 995 975 992 99.4 0.7
Mean heart dose (Gy) 1.7 14 13 13 14 15 13 20 14 16 14 10 16 15 0.2
Max LAD dose (Gy) 156 11.7 122 106 11.1 120 83 12.0 127 119 78 119 131 116 1.9
Mean LAD dose (Gy) 6.0 53 59 43 41 64 34 63 66 38 35 54 52 51 1.1
V20 left lung (%) 220 184 233 173 233 21.8 220 158 22.0 202 271 17.7 157 205 32
Mean left lung dose (Gy) 1.3 100 114 97 117 11.8 116 89 115 102 137 90 88 107 1.4
Max right breast dose (Gy) 51 13.6 485 100 435 102 35 28 89 522 158 3.8 487 205 189
Mean right breast dose (Gy) 02 05 26 03 05 05 04 02 04 17 03 04 13 07 0.7
Global max dose D0.2 cc (Gy) 54.7 55.3 555 559 589 578 57.1 591 599 542 599 531 564 56.8 2.1
Abbreviations: IMC = internal mammary lymph node chain; LAD = left anterior descending coronary artery.
Table 3 Mean dosimetric values side by side for electron plans versus wide tangent plans
LAD outside, LAD inside,
mean dosimetric values mean dosimetric values
Electron Wide tangent Electron Wide tangent

V40 IMC (%) 99.7 99.4 99.5 99.7
Mean heart dose (Gy) 2.1 1.5 2.7 2.6
Max LAD dose (Gy) 20.3 11.6 19.6 39.9
Mean LAD dose (Gy) 10.4 5.1 8.1 19.5
V20 left lung (%) 22.0 20.5 235 23.8
Mean left lung dose (Gy) 11.5 10.7 12.2 12.1
Max right breast dose (Gy) 11.9 20.5 6.4 15.3
Mean right breast dose (Gy) 0.7 0.7 0.6 0.5
Global max dose DO0.2 cc (Gy) 70.9 56.8 71.6 58.2
Abbreviations: IMC = internal mammary lymph node chain; LAD = left anterior descending coronary artery.

the wide tangent’s medial border. This result was expected
because the wide tangent technique pushes the tangent’s
border medially toward the right breast to fully capture
the IMC within the field. Nevertheless, only a small part

of the medial-most part of the right breast is affected by
the maximum dose reported, thus the associated differ-
ence in secondary cancer risk is expected to be negligible,
especially because the mean right breast dose was the

Table 4 Dosimetric values for the electron technique in the LAD inside group

Patient no. 14 15 16 17 18 19 Mean Sigma
V40 IMC (%) 99.4 99.2 99.1 99.3 100.0 100.0 99.5 0.4
Mean heart dose (Gy) 33 2.9 24 2.1 1.9 38 2.7 0.7
Max LAD dose (Gy) 23.0 13.9 19.8 18.6 17.3 25.0 19.6 3.6
Mean LAD dose (Gy) 9.9 6.4 6.7 6.8 7.3 11.3 8.1 1.9
V20 left lung (%) 20.7 23.4 23.8 22.6 26.5 24.0 23.5 1.7
Mean left lung dose (Gy) 11.2 12.0 13.0 11.8 13.0 12.1 12.2 0.6
Max right breast dose (Gy) 20.2 42 3.6 24 3.2 4.7 6.4 6.2
Mean right breast dose (Gy) 1.0 0.7 0.3 0.2 0.5 0.6 0.6 0.3
Global max dose DO0.2 cc (Gy) 72.1 68.1 83.2 71.1 68.5 66.4 71.6 5.5
Abbreviations: IMC = internal mammary lymph node chain; LAD = left anterior descending coronary artery.
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Table 5 Dosimetric values for the wide tangent technique in the LAD inside group

Patient no. 14 15 16 17 18 19 Mean Sigma
V40 IMC (%) 100 99.3 99.3 99.7 99.6 100 99.7 0.3
Mean heart dose (Gy) 33 32 3.1 1.9 1.6 2.5 2.6 0.7
Max LAD dose (Gy) 24.7 458 48.8 44.6 42 33.4 39.9 8.3
Mean LAD dose (Gy) 449 17.8 22.7 14.8 9.2 7.4 19.5 12.5
V20 left lung (%) 21.5 22.3 25.3 26.7 24.6 22.3 23.8 1.9
Mean left lung dose (Gy) 10.9 11.7 13.3 13.2 12.3 114 12.1 0.9
Max right breast dose (Gy) 5.6 39.4 3.6 3.8 53 34.2 153 15.3
Mean right breast dose (Gy) 1.7 0.4 0.2 0.2 0.4 0.3 0.5 0.5
Global max dose D0.2 cc (Gy) 58.5 59.2 57 57.7 55.6 60.9 58.2 1.7
Abbreviations: IMC = internal mammary lymph node chain; LAD = left anterior descending coronary artery.
Draw wide tangents including
IMC and inferior medial breast
tissues
LAD outside LAD outside tangents by less than LAD inside
tangents by 5 Smm: slightly modify tangents’ tangents
mm or more angle and MLC coverage to make

LAD outside by 5 mm

Success (medial Failure (loss of target
breast still covered) coverage)

Proceed with Proceed with
wide tangents electrons

Figure 5 Recommended decision-making flowchart for left breast cancer radiation therapy.
The 5-mm critical margin reported here depends on the linear accelerator, the energy at hand, and the geometric charac-
teristics of the multileaf collimator used, thus this critical value may be different for other machines and can be determined

easily by trial and error in any center using the treatment planning system.
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same for both techniques, and secondary cancer predic-
tion is usually based on mean, rather than maximum,
organ dose.

For the LAD inside group (where the LAD was located
inside the field), Tables 3, 4, and 5 give values for these
parameters for the electron technique and the wide tan-
gent technique.

Again, based on the mean columns of Tables 3, 4, and 5,
we can conclude the following for the LAD inside group:
the LAD dose (mean LAD and max LAD) using the elec-
tron technique was about half of the dose using the wide
tangent technique, and the contralateral maximum right
breast dose is lower for the electron technique because of
the proximity to the medial right breast of the wide tan-
gent’s medial border, as previously mentioned. Other
parameters, like left lung V20, mean dose, mean heart dose,
and mean right breast dose, are all very similar between the
2 techniques. This confers a superiority to the electron tech-
nique in this group, despite a higher mean value of D0.2 cc
over all plans (Table 3, column 3; higher hot spots in the
plan) and a higher complexity and delivery time, as
explained earlier, but these disadvantages are compensated
for by the benefit of reduced cardiac toxicity to the patient.

In this work, whenever the LAD was not outside the
tangents by a margin of at least 5 mm, the dosimetric
advantages of the wide tangent technique were quickly lost.
On the other hand, we also found that when the LAD was
outside the tangent field by a margin less than 5 mm, we
were always able to redraw the tangent’s border by closing
the MLC leaves further and pushing the margin to 5 mm
without compromising medial breast tissue coverage.

Conclusion

We therefore recommend the following approach for a
left breast treatment plan including IMC irradiation
(Fig. 5 flowchart):

Start by drawing wide tangents that include both IMC
and inferior medial breast tissues.

o If this yields a LAD outside the tangents with a mar-
gin of 5 mm or more in beam’s eye view, proceed with
using the wide tangent technique.

¢ Ifinstead this yields a LAD outside the tangents with a
margin lower than 5 mm, slightly modify the tangents’
angle and MLC coverage to increase the exclusion
margin to 5 mm. This modification usually does not
compromise medial breast tissue coverage, and one
can proceed with using the wide tangent technique.

e If, on the other hand, the LAD is found to be inside
the tangents, then modifying the tangents to exclude

the LAD by a 5-mm margin may or may not succeed.
It is therefore recommended in this case to attempt
creating a 5-mm exclusion margin as described in the
section on the wide tangent technique, and check the
resulting medial breast tissue coverage; if the coverage
is acceptable, proceed with the wide tangent tech-
nique. If not, proceed with the electron technique.
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