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Objective: To investigate the effect of anatomic and technical parameters on
the incidental internal mammary lymph node (IMN) irradiation (IIMNI) dose among
postmastectomy patients.

Methods: We retrospectively delineated the IMN on planning CT images from 138
patients who had undergone postmastectomy radiotherapy (PMRT). We analyzed the
IIMNI dose coverage and its relationship with anatomic and technical parameters.

Results: The IIMNI mean dose was 32.85 + 9.49 Gy, and 10 of 138 patients (7.25%)
treated with PMRT received >45 Gy. In univariate analysis, the body weight, body mass
index, body surface area, thoracic transverse diameter (D7), ratio of Dt to the thoracic
anteroposterior diameter (Dap)(Rt/ap), planning target volume of IMN (PTV)yn) included
in PTV (IMNin) and the ratio of IMNin to PTVun (Rivinin) @nd PTV posterior border were
the parameters affecting IIMNI dose. In multivariate analysis, body weight, Ry/ap, and
Rimnin Were correlative factors that affected IIMNI dose.

Conclusions: For patients who underwent PMRT without IMN irradiation (IMNI), there
was a wide variety in IIMNI doses. A minority of patients had adequate IIMNI dose
coverage, and the higher IIMNI doses were associated with the less body weights and
more Rivnin-

Keywords: postmastectomy radiotherapy, internal mammary lymph node, incidental irradiation dose, anatomic
parameters, technical parameters

INTRODUCTION

Irradiation of the chest wall and regional lymph nodes is considered the standard treatment strategy
for breast cancer patients with positive axillary lymph nodes (ALNs) after mastectomy or modified
radical mastectomy (MRM) due to its recognized success in improving local tumor control and
overall survival (OS) (1-4). Internal mammary lymph nodes (IMNs) irradiation (IMNI) can
improve disease-free survival (DFS) and OS in patients with breast cancer, and the mortality risk
from ischemic heart disease with IMNI is equal to patients without IMNI (5, 6). However, in the
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Danish Breast Cancer Cooperative Group (DBCG)-IMN studies,
patients with right-sided disease were allocated to the IMNI
group, whereas left-sided patients were allocated to the no IMNI
group (5). Therefore, potential bias might diminish the risk of
radiation-induced heart disease. For the left-sided disease subset,
one study that reviewed patients treated at a single institution
from 1984 to 2007 showed no significantly increased hazard
with IMN radiotherapy in planned three-dimensional conformal
radiotherapy (3D-CRT) (7). Conversely, Taylor et al. reported
a systematic review of heart doses from breast cancer radiation
therapy studies published from 2003 to 2013 and concluded that
IMNI doubled the typical heart dose (8). Long-term radiotherapy
toxicity, especially heart toxicity, should be considered for
patients with left-sided breast cancer in whom long-term survival
is expected (9). In the contemporary irradiation techniques
era, radiation-induced heart lesions are further lessened, and
therapeutic drugs for heart and coronary artery disease are more
diversified, so continued follow-up of cardiovascular disease
induced by radiotherapy is still needed.

For patients with breast cancer (stage I, II, or III), observed
IMN recurrence rate was <1% after primary breast cancer
treatment, even when the IMNs are not excised or irradiated
(6, 10). Patients most likely benefit from systemic therapies
and incidental regional node irradiation (11, 12). According to
current guidelines (e.g., NCCN), the internal mammary region
should be included when regional lymph node irradiation is
performed. It seems questionable whether a sub-group [that IMN
receive high doses during incidental IMNI (IIMNI)] benefits
from omission of IMNI, since high doses in the organs at
risk (OARs) (heart and lung), comparable to IMNI, must be
expected for these patients. Several studies have demonstrated the
contribution of insufficient incidental radiation doses to IMNs
using 3D-CRT (13-17). Some patients may not need IMNI,
and this can minimize the risk of distant radiotherapy-induced
cardiotoxicity, but there is insufficient evidence at this time
to define such subgroups in detail. Individual risk assessment
and optimization includes calculation of different treatment
plans in high risk patients to evaluate the dose to internal
mammary region.

So far, several studies have evaluated axillary dose levels using
different techniques, and found dose distribution was directly
influenced by the breast volume and shape (18-21). Active
breathing control (ABC) technique can reduce the IMN coverage
in left-sided breast cancer patients planned for postmastectomy
radiation therapy (PMRT) (22). Both the dosimetric aspect and
patient anatomy could eventually influence the regional lymph
nodes of breast cancer. We postulated that patient anatomy
and technical parameters are the potential factors influencing
IIMNI dose variance, and aims to identify which patients receive
adequate IMN doses (45-50 Gy) when IMNs were not included
in the clinical target volume (CTV).

MATERIALS AND METHODS

Patient Selection
Patients were eligible if they had undergone PMRT and were
newly diagnosed with histologically confirmed invasive stage

I, II, or III breast carcinoma. All patients were confirmed to
have no clinical or pathological evidence of IMN involvement
at the time of diagnosis, and IMNs were not included in the
CTV. The institutional research ethics board of Shandong Cancer
Hospital and Institute approved this study (SDTHEC201703014),
and all methods were performed in accordance with the
relevant guidelines and regulations. The requirement to obtain
written informed consent from patients was waived due to the
retrospective nature of the investigation (retrospective single-
institution cohort study).

Delineation of Target Volume and IMN

The CTV of the chest wall and supraclavicular fossa (SCF)
was delineated based on the Radiation Therapy Oncology
Group (RTOG) breast cancer contouring atlas (online at: http://
www.rtog.org/CoreLab/ContouringAtlases/BreastCancerAtlas.
aspx). The chest wall cranial border is variable, depending on
contralateral breast size and patient position, and the border is
clinically located at the base of the caudal border of the clavicle
head. The medial border does not cross midline and is highly
variable depending on mastectomy scar. The CTV posterior
border was the junction of chest wall muscles and the rib or
rib-pleural interface, depending on the T and N stage. The
planning target volume (PTV) was generated by the addition
of a 5-mm margin to the CTV in all directions. The PTV was
limited by 0 mm from the skin, and the amount of lung could be
trimmed according to physician discretion. A 5-mm bolus was
used over the chest wall. The heart was contoured along with the
pericardial sac. The superior aspect was begin at the level of the
inferior aspect of the pulmonary artery passing the midline and
extend inferiorly to the apex of the heart (online at: http://www.
rtog.org/CoreLab/ContouringAtlases/RTOG11060AR~Atlas.
aspx).

Throughout the study, the IMN CTV was defined by the same
radiation oncologist. The IMN was also contoured according
to the RTOG breast cancer contouring atlas: from the first
to third intercostal spaces (ICS1-3) through the topography
of the internal thoracic vessels. The IMN PTV (PTVvn) was
designed to include an expansion of 5mm around the IMN
CTV. The same contouring atlas was followed to minimize
the interobserver variability in the IMNs and achieve the most
precise and objective comparison.

Treatment Planning

The prescription dose was 50 Gy in 25 fractions (2Gy per
fraction) to the PTV, 5 days per week, delivered for 5 weeks. The
enrolled patients were treated with one of the three irradiation
techniques described below.

3D-CRT

The chest wall was treated with two opposite tangential fields
using 6-MV photon beams and an ipsilateral SCF with a single
anterior field. The criteria of the 3D-CRT plan ensured that at
least 90% of the PTV received the prescription dose.
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Field-In-Field Forward Intensity-Modulated
Radiotherapy (F-IMRT)

The chest wall treatment plan involved the use of a tangential
field technique with static multileaf collimator segments, with
two parallel-opposed tangential fields using 6-MV photon beams.
Two to five segmented fields were manipulated to maintain dose
delivery to OARs, such as the ipsilateral lung (IPSL), and the heart
within normally accepted tolerances and to reduce the volumes of
hot spots in the treatment field. Four to five fields were designed
toward the SCF to guarantee dose uniformity. The criteria of the
F-IMRT plan ensured that at least 95% of the PTV received the
prescription dose.

Inverse IMRT (I-IMRT)

The common isocenter was located in the center of the PTV.
The tangential field technique was set to the entire PTV, and
additional 0° and 40° MLC segments were constructed toward
the SCF. The criteria of the I-IMRT plan also ensured that at
least 95% of the PTV received the prescription dose. Additional
subfields were set to shield the areas of PTV receiving dose
>110% of the prescription dose, and keeping the dose delivered
to OARs within normally accepted tolerances.

Anatomy and Technical Factors
Height, body weight, body mass index (BMI), and body surface
area (BSA), T- and N-stage were documented in all patients
when available from clinical records. In the transverse view of the
planning CT images, the number of internal thoracic vessels were
counted, and the distance between the most anterior limit of the
thoracic vertebrae and the most posterior limit of the sternum in
the uppermost level of the inferior vena cava was measured and
defined as the thoracic anteroposterior diameter (Dap). Thoracic
transverse diameter (D) was the greatest horizontal distance of
the inner wall of the thorax from the uppermost level of the
inferior vena cava. The ratio of D to Dap was defined as Ry, ap.
Both CTV and PTV volumes, PT VN volume and PTVivn
volume included in PTV (IMNin) were obtained through the
Eclipse treatment planning system (TPS) (Eclipse 13.5; Varian
Medical Systems, Palo Alto, CA). And the ratio of IMNin to
PTVIMN (RIMNin) was calculated as RIMNin = IMNin/ PTVIMN.
As potential factors, CTV and PTV borders, wedge shaped plate,
SCE and irradiation technique were also documented in all
patients. Gantry angles ranged from 39 to 60° for the medial fields
and from 220 to 253° for the lateral fields for right-sided PTV, and
the gantry angles ranged from 300 to 320° for the medial fields
and from 115 to 140° for the lateral fields for left-sided PTV. The
angle between the medial field gantry angle and horizontal line
may also be critical in affecting the IIMN dose and was defined
as an incident angle. For right-sided breast cancer patients, this
angle is equal to the gantry angles for the medial fields, while for
left-sided breast cancer patients, this angle is equal to gantry angle
minus 180°.

Statistical Analysis

Statistical analysis was performed with the SPSS statistical
analysis software package. Based on the normality of the
distributions, t-tests or one-way analysis of variance (ANOVA)

was used to assess the statistical significance of the differences
between the covariates. Univariate regression analysis and
multiple regression analysis were used to assess the relationship
between IIMNI dose differences and a set of covariates, such as
body weight, BMI, BSA, and radiotherapy technique. All tests
were two-sided. Results were regarded as statistically significant
when p < 0.05.

RESULTS

Patients and Treatments

One hundred and thirty-eight breast cancer patients who
underwent PMRT between 2012 and 2016 were enrolled in this
retrospective study. Table 1 outlines the patient and treatment
characteristics. None of the patients received radiotherapy to the
ipsilateral IMN.

TABLE 1 | Patient characteristics and treatment variables.

Characteristic n %

Age ()
Minimum 25 18.12
Maximum 74 53.62
Median 47

Histology
Invasive ductal carcinoma 134 97.10
Invasive lobular carcinoma 3 217
Invasive papillary carcinoma 1 0.72

Tumor location

Left-sided 73 52.90
Right-sided 65 47.10
T stage
TO 2 1.45
T 39 28.26
T2 79 57.25
T3 11 7.97
T4 6 4.35
Tx 1 0.72
N stage
NO 6 4.35
N1 46 33.33
N2 52 37.68
N3 33 23.91
Nx 1 0.72
Radiotherapy
3D-CRT 48 34.78
F-IMRT 49 35.51
I-IMRT 4 29.71
PTV
Chest wall 7 5.07
Chest wall+-SCF 131 94.93

SCF, supraclavicular fossa; 3D-CRT, three-dimensional conformal radiotherapy; F-IMRT,
field-in-field forward intensity-modulated radiotherapy; I-IMRT, inverse IMRT.
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Incidental IMN Dose Coverage

The mean dose for the PTVyy was 32.85Gy for all patients
(SD, 9.49 Gy), ranged from 2.76 Gy (Figure 1a) to 50.93 Gy
(Figure 1b). There were no significant differences between right
breast cancer patients and left breast cancer patients (34. 41
£ 9.14Gy vs. 32.09 + 9.68 Gy). Adequate coverage of the
PTVimN, defined as >45 Gy, was achieved for 10 out of the
138 breast cancer patients with PMRT (7.25%). The clinical and
anatomic parameters influencing doses to IMNs are summarized
in Table 2. Patients were separated according to IIMNI dose
>45 Gy and <45 Gy, and body weight, BMI, BSA, and D were
found to be lower in patients with IIMNI dose >45 Gy than
in patients with IIMN dose <45 Gy. While the higher IIMNI
doses were associated with the more IMNin and Rpynin. Patient
height, Dap, Ry ap, number of internal thoracic vessels, CTV
volume, PTVyyn volume, CTV and PTV border, and gantry
angles showed no significant differences between the two groups.
There was also no difference in the number of patients using a
wedge-shaped plate for patients who underwent 3D-CRT; while
50% of the patients received an IIMNI dose >45Gy using a
wedge-shaped plate, only 23.26% of the patients received an
IIMNI dose <45 Gy using a wedge-shaped plate.

Factors Related to IMNI Dose Changes
A summary of the factors influencing the IIMNI dose is
shown in Table 3. In the univariate analysis, the IIMN dose

was significantly higher in patients with lower body weight,
BMI, BSA, D, higher Rr/ap, IMNin, Rpvnin, and whose
PTV posterior border was intrapulmonary. There were no
significant relationships observed between the Dmean of the
IIMNI dose and the magnitude of patient height, Dap, number
of internal thoracic vessels, CTV/PTV/PTVn volume, CTV/
PTV border, gantry angles, T-stage, N-stage, or the radiation
delivery technique for all patients. In multivariate analysis,
three variables remained significant; thus, body weight, Rt/ap,
and RpvNin were the correlative factors that affected IIMNI
dose (Table 3).

DISCUSSION

Extended resection of the IMNs, which can jeopardize the
survival of breast cancer patients even more than the breast
cancer itself, has been abandoned (23). IMNI has been shown
to have a significant impact on locoregional control, breast
cancer mortality, and OS (5-7), but controversies concerning
IMNT still exist, mainly because of radiotherapy-induced long-
term lung and heart toxicity (8, 24, 25). Though the incidental
dose to the IMNs not achieve clinically significant therapeutic
levels (26, 27), recent studies have demonstrated that accepting
adequate doses during incidental irradiation can result in a
clinical benefit (6, 10). By determining the variability in the
IIMNI dose coverage with standard chest wall tangential fields

FIGURE 1 | Treatment plans and dose distribution of two “extreme” patients [(a) PTVIMN was 2.76 Gy; (b) PTVIMN was 50.93 Gy; -1: first intercostal space,—2:
second intercostal space,—3: third intercostal space; yellow arrow: the IMN CTV; blue arrow: the IMN PTV].
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TABLE 2 | Comparison of covariates between patients with and without adequate IMN coverage.

Characteristic Total >45 Gy <45 Gy p-value

Number of patients 138 10 128

Cancer laterality Right 67 (48.55%) 3 (30%) 64 (50%) 0.909
Left 71 (51.45%) 7 (70%) 64 (50%)

Height (cm) Mean 160.16 158.7 160.27 0.441
SD 5.54 4.79 5.59

Body weight (kg) Mean 66 58.6 66.57 0.002
SD 8.83 4.485 8.84

BMI Mean 25.74 23.36 25.93 0.010
SD 3.30 2.70 3.27

BSA Mean 1.67 1.57 1.68 0.007
SD 0.13 0.05 0.13

Dap (cm) Mean 10.01 9.71 10.04 0.438
SD 1.27 1.49 1.26

Dr (cm) Mean 23.25 22.71 23.29 0.043
SD 1.24 0.38 1.28

Rr/ap (%) Mean 43.21 42.77 43.25 0.796
SD 6.28 6.84 6.27

Internal thoracic vessels, n 2 128 (92.75%) 9 (90%) 119 (92.97%) 0.728
3 10 (7.25%) 1(10%) 9 (7.03%)

CTV volume (cm®) Mean 436.71 409 438.88 0.622
SD 138.16 90.2 141.24

PTViun volume (cm?) Mean 29.44 28.92 29.48 0.748
SD 5.33 4.27 5.43

IMNin (cm?) Mean 5.61 13.33 5.00 0.000
SD 4.88 3.54 4.45

Rivnin (%) Mean 18.92 46.33 16.78 0.000
SD 15.93 11.80 14.14

Irradiation technique, n 3D-CRT 48 (34.78%) 5 (50%) 43 (33.59%) 0.112
F-IMRT 49 (35.51%) 1(10%) 48 (37.50%)
I-IMRT 41 (29.71%) 4 (40%) 37 (28.91)

SCF, n Yes 131 (94.93%) 10 (100%) 121 (94.53%) 0.449
No 7 (5.07%) 0(0) 7 (5.47%)

Cranial border (CTV), n Clinical reference + second rib insertion 65 (47.10%) 4 (40%) 61 (47.66%) 0.642
Caudal border of the clavicle head 73 (52.90%) 6 (60%) 67 (52.34%)

Medial border (CTV), n Midline 33 (23.91%) 5 (50%) 27 (21.26%) 0.190
Sternal-rib junction 78 (56.52%) 3 (30%) 75 (59.06%)
In between 27 (19.57) 2 (20%) 25 (19.68%)

Posterior border (PTV), n Intrapulmonary 78 (56.52%) 8 (80%) 70 (54.69%) 0.121
Rib-pleural interface 60 (43.48%) 2 (20%) 58 (45.31%)

Wedge shaped plate, n Yes 15 (31.25%) 5 (50%) 10 (23.26%) 0.069
No 33 (68.75%) 5 (50%) 33 (76.74%)

Incident angles (°) Mean 52.64 52.3 52.66 0.993

BMI, body mass index; BSA, body surface area; CTV, clinical target volume; PTV, planning target volume; Dr, thoracic transverse diameter; Dap, thoracic anteroposterior diameter;
SCF, supraclavicular fossa; PTViyn, planning target volume of IMN; IMNin, PTVyy included in PTV.

using surface anatomy (as determined by a planning CT image)
and in patients showing IMN drainage on lymphoscintigraphy,
Proulx et al. showed that only 14% and 19% of patients had
IMNs completely within the tangent fields (28, 29). Our study
found significant variability in individual IIMNI dose for patients
who accepted PMRT, and only 7.25% of the patients received

a meaningful IIMNI dose when the IMNs were not included
in the PTV. This led us to realize that even though low
mean doses were being reported, there was significant dose
inhomogeneity in the IMNs. The incidental dose to the IMNs
may change according to body habitus according to Proulx
et al. (28). These authors reported that presternal fat thickness
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TABLE 3 | Univariate and multivariate regression analysis of IIMN dose difference.

Characteristic Univariate analysis

Multivariate analysis

r p-value Coefficient (SE) p-value
Height —0.150 0.080
Body weight —0.443 0.000 —4.016 0.000
BMI —0.363 0.000
BSA —0.429 0.000
T stage 0.089 0.301
N stage 0.130 0.130
Dap 0.074 0.387
Dr —0.407 0.000
Rr/ap 0.215 0.011 5.359 0.000
Internal thoracic vessels 0.128 0.134
CTV volume —0.091 0.287
PTV volume 0.004 0.959
PTViun volume —0.035 0.680
IMNin 0.734 0.000
Rivnin 0.757 0.000 12.697 0.000
Irradiation technique 0.116 0.175
SCF -0.919 0.828
Cranial border (CTV) -0.018 0.835
Medial border (CTV) -0.110 0.199
Posterior border (PTV) —0.286 0.001
Wedge-shaped plate 0.250 0.087
Incident angles —0.091 0.287

BMI, body mass index; BSA, body surface area; CTV, clinical target volume; PTV, planning target volume; D, thoracic transverse diameter; Dap, thoracic anteroposterior diameter;
SCF, supraclavicular fossa; PTViyn, planning target volume of IMN; IMNin, PTVy included in PTV.

was inversely correlated with IMN inclusion in tangent fields,
while thoracic skeletal shape was not associated with IMN
inclusion. These studies used the patient presternal fat thickness
as a surrogate for body habitus, whereas the present study
evaluated the influence of patient height, body weight, BMI,
BSA, the thoracic anteroposterior diameter (Dap), the thoracic
transverse diameter (Dt), and Rr/ap on the IIMNI dose to
the patients who accepted PMRT. We postulated that patient
anatomy and technical parameters were the potential factors
influencing IIMNI dose variance and attempted to determine
whether the combination of such influencing factors could
potentially indicate a subgroup of patients in whom it would be
appropriate to avoid IMN radiotherapy.

According to Sapienza et al. (14) and Arora et al. (15),
the predictor for incidental dose to the IMNs is the T-
stage and N-stage of the tumor. These authors revealed that
advanced N- and T-stage involvement was correlated with higher
average doses to IMNs. However, these results are contrary
to those of the present study, in which both univariate and
multivariate analyses confirmed that the T-stage and N-stage
of tumors showed no correlations with the IIMNI dose. This
variance may partly be due to the fact that some of the
patients enrolled in the previous studies were early breast
cancer patients who accepted BCS, and different operative
approaches result in variance of presternal fat thickness, which
was associated with IMN inclusion (28), and the radiation

oncologists considered the patients to be at high risk and adjusted
the fields accordingly.

Significantly decreasing the irradiation dose delivered to
OARs (lung, heart, and spinal cord), IMRT improves the
accuracy of breast cancer radiotherapy (30-32). While the IIMNI
dose were consistent, regardless of the irradiation technique
(3D-CRT: 33.80 Gy, F-IMRT: 29.65 Gy, and I-IMRT: 32.95 Gy,
respectively) (26). Similar to Sapienza et al. (14), we observed
that the addition of SCF field irradiation did not significantly
increase the Dmean of the IMNs in the PMRT patients.
Regardless of the radiotherapy technique, patient anatomy and
clinical factors could eventually influence the dose distribution.
Previous studies have associated body habitus with nodal volume
dose distribution when breast cancer irradiation is administered
(20, 33). The results of these present study showed that obese
or overweight patients had poorer dose coverage with fixed
depth prescription than normal weight patients, and higher doses
were associated with the more voluminous (>1,200 cc) and
pendulous breasts. Barry et al. (22) found no direct correlation
between BMI and any IMN dosimetric parameter during both
free breathing and active breathing control in 50 left-sided
breast cancer patients. And this result is consistent with our
findings, BMI is not sufficient to predict IMNI dose, which was
insignificant in the multivariate analysis (Table 3).

This analysis showed the higher IIMNI doses were associated
with the less body weights and more Ryjvnin. However, only
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10 patients received a meaningful incidental irradiation dose
during PMRT, and thus, this sample size was insufficient to
acquire a more clinically significant difference that would warrant
identification of a subgroup of patients for whom it may be more
appropriate to avoid IMNI for further management. Additional
studies with a larger sample size are needed to provide more
continuous up-to-date information.

CONCLUSION

The present analysis showed that a small number of breast cancer
patients had adequate IIMNI dose coverage for postmastectomy
chest wall £ SCF irradiation, which might contribute to
controlling IMN micrometastases. The patient body weights,
Rt/ap, and Rpynin was the most important influence factor
for IIMNI doses. The risk of avoiding IMNI is different for
PMRT patients with different body habitus in breast cancer
subpopulations with a high risk of metastatic or even microscopic
metastatic IMNSs.
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