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Internal mammary chain of disease and the irradiation techniques.

Radiotherapy Results: The mean doses to IMC after modified radical mastectomy (MRM), modified radi-
Unintentional irradiation cal mastectomy with immediate reconstruction (MRM +R), and breast conservative surgery
3DCRT (BCS) were 30.34 Gy, 30.26 Gy, and 18.67 Gy, respectively. Significant differences were iden-

tified between patients who underwent MRM or MRM+R over BCS (p=0.01 and 0.003,
respectively), but not between MRM and MRM + R (p = 0.88). Mean doses to IMC were greater in
patients with T3-T4 tumors when compared with more initial stages (<T2) (p=0.0096). The
lymph node involvement also correlated with higher average doses to IMC (node positive:
26.1 Gy x node negative: 17.8 Gy, p=0.0017).
Conclusions: The moderate dose level to the IMC in the unintentional irradiation scenario
seems to be insufficient to treat the subclinical disease, although it could have an impact in
patients undergoing mastectomy.
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1. Background

The internal mammary chain (IMC) is an important route of
lymphatic drainage of the breast gland, especially from the
medial quadrants, constituting a probable route of tumoral
dissemination."? Radiotherapy can control or eliminate can-
cer cells in this region, classically through the intentional
inclusion of the IMC in the treatment fields.?

However, irradiation of the IMC is still a matter of much
debate,>* because even with a high incidence of patholog-
ical involvement of this nodal region,” there are low rates
of recurrence at this region even when not irradiated.®
While the results of most prospective randomized trials that
assess the benefits of IMC irradiation have not yet been pub-
lished (NCT00005957, NCT00002851), therapeutic decisions are
guided by one prospective study,’ some retrospective series
evaluating both oncological outcomes and clinical toxicity,®%?°
or even dosimetric studies.'® The controversy regarding its
potential benefit leads to differences in the profile of the
IMC irradiation indication in different geographical regions
worldwide,'>'? with arguments both for and against inten-
tional inclusion of IMC in the irradiation fields.

A rationale for the exclusion of IMC from the irradiation
fields is related to the dose distribution in regions adjacent
to the treatment targets (mammary gland or chest wall), with
incidental irradiation of the IMC, which could translate into
clinical benefit, due to the proximity of these regions.'*1°

This study aims to estimate the degree of unintended irra-
diation of the IMC and the profile of patients receiving greater
spatial and dosimetric IMC coverage, correlating with the type
of surgery employed, the extent of disease and the irradia-
tion technique, in a series of conformal radiotherapy (3D-CRT)
plans for breast cancer.

2. Materials and methods

In the period of January-September 2013, 120 consecutive
patients underwent adjuvant radiotherapy for breast malig-
nancy in the department of radiation oncology. Among these,
112 had their CT simulation (CT-sim) selected for dosimetric
evaluation. Eight were excluded from the study for the follow-
ingreasons: hypofractionation (5 patients), bilateral chest wall
irradiation (1 patient), and re-irradiation for chest wall recur-
rence (2 patients). Among these, the majority was treated with
breast conservative surgery without prosthesis (BCS) and had
Tis, T1 or T2 pathological stage (Table 1). Three other patients
with previously esthetic mammary prosthesis had conserva-
tive surgery (BCS+P). Twenty-six percent of the cases were
treated with modified radical mastectomy, with or without
immediate reconstruction (MRM and MRM + R, respectively).

All CT-sims were performed with venous contrast and
5mm thick sections. The patients were immobilized with
the use of own personal devices, Vac-fix™ (Par Scientific A/S
[Odense, Denmark]).

The prescription doses are 45 Gy and 50.4 Gy to the breast
and chest wall, respectively, delivered over 5 weeks, with tan-
gential fields (two opposite parallel with up to two sub-fields).
The dose of 45 Gy was used to the supraclavicular fossa (SCF)

Table 1 - Patients and treatment characteristics.

n %
Stage
Tis 13 11.6
T1 56 50
T2 29 25.9
T3 4 3.6
T4 8 7.1
Tx 2 1.8
NO 67 59.8
N1 29 25.9
N2 8 7.1
N3 7 6.2
Nx 1 1
Surgery
BCS? 83 74.1
MRMP 15 13.4
MRM + R 14 12.5
Radiotherapy
Breast 12 10.7
Breast + boost 64 57.1
Breast + SCF¢ 1 1
Chest Wall 6 5.4
Reconstruction 8 7
Breast + boost + SCF4 6 5.4
Chest Wall + SCF 9 8
Reconstruction + SCF? 6 5.4

2 BCS: breast conserving surgery.

b MRM: modified radical mastectomy.

¢ MRM+R: modified radical mastectomy plus
reconstruction

4 SCF: supraclavicular fossa.

immediate

region, over 5 weeks, according to N stage, with a single ante-
rior field (or combined anterior and posterior fields). The boost
to the tumor cavity, when indicated, was performed with two
tangential fields with dose of 10 Gy, in 1 week.

The clinical target volume (CTV) of the breast and SCF was
delineated based on the Radiation Therapy Oncology Group
(RTOG) consensus guideline (online at: http://www.rtog.org/
CoreLab/ContouringAtlases/BreastCancerAtlas.aspx). The
planning target volume (PTV) margin was 5mm to the CTV.
The contouring of the IMC was performed by the same physi-
cian in all cases and followed the topography of the internal
thoracic vessels and included the extension from the first
to third intercostal space ipsilateral to the affected breast,
due to the increased probability of secondary involvement
in this location.” An evaluation volume was also created, to
consider the chest wall movement (PTV IMC), and consisted
of an expansion of 5mm from IMC (Fig. 1). All cases were
planned using the Eclipse™ v8.6.23 system (Varian [Palo Alto,
USA]) for a linear accelerator with energy of 6 MV photons
and multi-leaf collimator.

It is expected that the small target (IMC) changes the
position inside the PTV IMC during the respiratory move-
ments, being exposed to regions of different dose levels during
the treatment time. For this reason, the coverage of IMC
was assessed as of the mean doses (Dmean) and dose ranges
(Dmax—Dmin) in PTV IMC (represented in boxplot chart). Most
of the irradiated volume with the isodose of reference (IR)
is located in the breast or chest wall. Thus, it is not possi-
ble to apply the concept of Conformity Index,'® since the IR
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Fig. 1 - 3D reconstruction of PTV IMC. White: IMC PTV.

has a large volume outside of the unintended target (IMC). We
present the dose-volume data for quality analysis of the unin-
tended treatment. The geographic location of the PTV IMC
was correlated with the PTV, being classified as: (a) inside, (b)
partially in, and (c) outside the treatment field, based on the
visualization of beam’s eye view of the internal field.

The statistical significance of the median Dyean between
groups was compared using the Mann-Whitney-Wilcoxon
test (R software). A p value <0.05 was considered significant.
A comparison was made in the early tumor stages (T1 and
T2/NO) group and the advanced tumor stages (T3 and T4/N+).
The influence of the addition of the boost in breast and nodal
irradiation in the region of the SCF was evaluated in patients
undergoing BCS and modified radical mastectomy.

3. Results

According to the surgery employed, the mean doses to IMC
in patients undergoing MRM, MRM +R and BCS were 30.34 Gy
(47.54-14.88), 30.26Gy (50-14.2) and 18.51Gy (47.19-3.92),
respectively (Fig. 2). Analysis of the patients in each group
and the dose delivered to the IMC showed a greater coverage
of IMC in the MRM group compared with BCS (p<0.001) and
MRM + R compared with BCS (p <0.001). However, there was no
significant difference (p=0.9486) between MRM and MRM +R
(Tables 2 and 3).

Most cases (79.5%) had at least a partial inclusion of the
PTV IMC in the treatment volume. The median of Dyean Was
9.97 Gy when it was out of the field (n=23), while in the case
of a partial overlap (n=83) the average dose was 23.13Gy. In
patients with IMC completely within the radiation field, the
Dmean Was 41.52Gy (n=6).

Separating the patients according to stage groups of early
disease (Tis, T1-T2 or NO) and advanced disease (T3-T4 or
N+), Dmean Was also higher in patients with stages T3-T4,
when compared with patients staged as Tis, T1-T2 (29.3 Gy
vs. 19.9 Gy, p=0.0096). There is also a difference between the
stage groups regarding lymph nodes metastases when com-
paring positive and negative lymph node disease (26.1 Gy vs.
17.8 Gy, p=0.0017). There was no significant increase in the

Dmean (Gy)
30 40 50

20

10

BCS MR
Surgery

MR +R

Fig. 2 — Boxplot: mean dose (Gy) per surgery group. Dark
line=median dose. BCS: breast conserving surgery. MRM:
modified radical mastectomy. MRM + R: modified radical
mastectomy plus immediate reconstruction.

Table 2 - Comparisons of the average dose in IMC
among the study subgroups.

p
Surgery
BCS? vs. MRMP <0.001
BCS? vs. MRM +R€ <0.001
MRMP vs. MRM + R¢ 0.9486
Radiotherapy
with SCF? vs. without SCF¢ 0.3766

with boost vs. without boost 0.889
Disease stage

T1-T2 vs. T3-T4 0.0096
NO vs. N+ 0.0017
@ BCS: breast conserving surgery.

b MRM: modified radical mastectomy.

¢ MRM+R: modified radical mastectomy plus immediate

reconstruction.
d SCF: supraclavicular fossa.

mean dose of IMC due to the addition of the FSC field in cases
of modified radical mastectomy (31.54 Gy vs. 29.15 Gy, respec-
tively, p=0.3766). The addition of a boost dose to the cavity
also did not increase the Dmean 0of IMC significantly in the BCS
group (18.17 Gy with boost vs. 18.57 Gy without boost, p = 0.889)
(Table 2).

Table 3 - Dose/volume analysis (average Dmean)-

Surgery V25 V50 V75
BCS? 27.75 15.95 7.96
MRMP 43.08 31.26 17.75
MRM +R°¢ 42.98 31.35 17.76

2 BCS: breast conserving surgery.

b MRM: modified radical mastectomy.

¢ MRM+R: modified radical mastectomy plus
reconstruction.

immediate
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Fig. 3 - Delineation of three cases of post-operative radiotherapy: (a) breast conserving surgery, (b) modified radical
mastectomy, and (c) modified radical mastectomy plus immediate reconstruction. Structures: yellow: CTV breast, blue: IMGC,

white: PTV IMC, pink: pectoralis major muscle.

4, Discussion

In this study, we observed significant differences in IMC cov-
erage that can be credited to the anatomic changes resulting
from the type of surgery used. Patients treated with MRM,
with or without immediate reconstruction, had a Dmean 60%
higher at the IMC as compared with those undergoing BCS
(18.51 Gy x 30.30 Gy). However, in mastectomy patients imme-
diate reconstruction did not affect the coverage of the IMC,
compared to mastectomy without immediate reconstruction.
Although counterintuitive, this fact could be explained by the
placement of the breast prosthesis behind the pectoralis major
muscle, deepening the posterior border of the CTV breast and
chest wall, (even without its involvement) (Fig. 3). The prox-
imity of the CTV region to the chest wall, and consequently to
the IMC, in combination with the geometric distribution of the
tangential fields of radiotherapy results in greater unintended
IMC coverage.

A previous similar study'* selected patients with a pre-
ponderance draining lymph node for IMC, detected in
lymphoscintigraphy, to assess the unintentional coverage of
the treatment with conventional breast tangential fields. The
authors verified an at least partial coverage in 73%, and total
coverage in 18% of the cases suggesting further that the unin-
tentional inclusion of IMC was also inversely proportional to
the thickness of parasternal tissue. In our study, we observed
a similar rate of at least partial coverage in 76%, and total
coverage in 4% of the cases.

The relevance of unintended irradiation of IMC can be
highlighted by the historical context of surgical treatment
and adjuvant breast cancer irradiation. Those in favor to the
IMC irradiation usually refer to the post-mastectomy radiation
therapy (PMRT) studies, where the inclusion of this region in
the treatment fields was a common practice. The results of
these studies are compiled in a meta-analysis that showed
a long-term overall survival (OS) benefit.'” In addition, even
after 20 years follow-up, the survival benefit was still sig-
nificant, despite the observed excess of deaths unrelated to
breast cancer (probably related to treatment with extended
fields and obsolete radiation techniques). As regional irradi-
ation usually included axilla, SCF and IMC, at PMRT studies,
it is not possible to separate the individual contribution from

each coverage site. The opponents of IMC irradiation, on the
other hand, allude to studies comparing radical mastectomy
with or without resection of IMC, in which no survival benefit
was observed.'®19

Another important issue regarding IMC irradiation is its
toxicity profile, particularly concerning the heart, lung, and
skin. Long-term heart and lung toxicity may diminish the
OS benefit of adjuvant treatment, due to an excess of deaths
related to therapy and not related to cancer. Skin toxicity,?°
however, has no impact on survival but has an influence
on cosmesis, especially at the areas of potential field over-
lapping. There is conflicting data in the literature regarding
the adverse effects of IMC irradiation’’~>* and several tech-
niques were developed, such as the partially extended tangent
fields'® and irradiation during inspiration,’* in the pursuit of
a more suitable therapeutic profile, with higher IMC coverage
and decreased irradiation of adjacent organs.

To our knowledge, currently, there are four important stud-
ies evaluating the potential benefits of IMC irradiation. The
first of them, a recently published randomized prospective
study, initially showed no survival benefit with the addition
IMC irradiation. However, the study has not enough statistical
power to detect differences smaller than 10%.” The others, still
unpublished, evaluate the inclusion of IMC and medial supra-
clavicular chain in the treatment fields (EORTC 22922/10925),
assess the impact of regional irradiation (supraclavicular, axil-
lary and IMC) on early invasive breast cancer (NCIC MA.20),
and randomize patients to irradiate or not the IMN (KROG-
0806).

In the scenario of the lack of irrefutable evidence to jus-
tify the elective irradiation of the IMC, the hypothesis that the
unintended IMC irradiation might be enough to control subcli-
nical disease in this region becomes attractive. Although the
mean dose of approximately 30 Gy in IMC is below the dose
range of 45-50 Gy, usually recommended for adjuvant treat-
ment of breast cancer, the use of more effective chemotherapy
regimens, nowadays, may eventually render unnecessary
higher doses of radiation to obtain adequate control of subcli-
nical disease.? Similarly, in non small cell lung cancer (NSCLC)
treatment, many authors suggest that unintentional irradi-
ation of the clinically non-affected mediastinum generally
provides satisfactory control of subclinical disease, with aver-
age doses lower than 40Gy and with less local toxicity.?®?’
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However, patients with malignant neoplasms of the lung have
a high rate of local failure and reduced survival, which can
underreport a nodal failure.

Despite the lack of clinical evidence, a mechanism likely
to justify the benefit of low dose irradiation to the IMC would
be the local anatomical and functional changes of the lymph
nodes in this region, altering the lymphatic architecture and
possibly hampering the regional spread of neoplastic cells.?®
This effect, for example, would not diminish the action of
chemotherapy in this region, since systemic treatment tends
to be offered to the patients prior to radiotherapy.”’

On the assumption that the IMC incidental irradiation has
a therapeutic impact, an interesting note is that precisely the
group that received the higher doses to the IMC comprises
mastectomy patients, regardless of whether an immediate
reconstruction was performed or not. These patients usu-
ally have more advanced disease, which might translate into
a higher risk of relapse at the IMC,** and would so benefit
from this approach. On the other hand, patients with multiple
positive lymph nodes and undergoing conservative surgery,
although with significant risk of regional recurrence, would
be receiving reduced unintended radiation doses in the IMC,
requiring, therefore, a regional approach with more extensive
irradiation.

A basic limitation for dosimetric evaluation in this study is
that, currently, there is no specific tool to evaluate the qual-
ity of unintended irradiation. Another challenge is to analyze
the dose in a small structure close to the treatment volume,
especially with the respiratory movements, if no respiratory
controlled treatment is used. Even the Dmean analysis can be
unrealistic in a specific patient because, in fact, the move-
ments are not geometrically symmetric.

Determining the clinical significance of the unintentional
IMC coverage and its influence on disease control or survival,
especially in conjunction with the use of chemotherapy, is
beyond the scope of this study. A clinical study with a larger
number of patients and that addresses this issue directly
would help in understanding the real benefit of the unin-
tended irradiation of IMC, and may even explain the absence
of clinical benefit observed in previous studies that evaluated
the intentional irradiation of this region.”

5. Conclusion

Irradiation with tangential fields is associated with high rates
of coverage (80%), at least partially of the IMC, with moderate
mean doses (30 Gy) in a specific group of patients. These high
rates occur predominantly in patients undergoing MRM and
MRM +R, compared to patients undergoing BCS. The hypoth-
esis that the incidental irradiation of the IMC is beneficial in
controlling localized disease should be tested in clinical stud-
ies, although our data suggests that the dose is insufficient to
treat subclinical disease.
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