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ABSTRACT

Background: breast cancer is the most prevalent cancer diagnosed
in females worldwide. Radiotherapy improves survival in breast
cancer patients. Consistent evidence emerges as regard the benefit
of inclusion of IMN (internal mammary lymph nodes). Novel
radiation techniques decreased the incidence of toxicity from
radiotherapy.

Aim of the work: Assessment of acute and moderately late
radiation toxicity, assessing doses to normal structures, assessing
overall survival and progression-free survival.

Patients and Methods: this study included 41 patient received
postoperative radiotherapy including internal mammary lymph
nodes with Intensity-modulated radiation therapy in Al-Hussein
University hospital

Results: coverage of the right-sided planning target volume and
internal mammary lymph nodes was significantly higher than left-
sided cases p = 0.01, 95%, p = 0.02, respectively. there was a strong,
positive correlation between the volume of heart receiving 25 Gy
and the volume of planning target volume receiving 95 % of the
prescribed dose, p = 0.001. Significant difference skin toxicity as
regard maximum dose reaching the planning target volume either <
107%, 108-109%, and those >110, P = 0.001.

Conclusion: The inclusion of the internal mammary lymph nodes
in postoperative radiotherapy in breast cancer patients is well
tolerable. The use of Intensity-modulated radiation therapy
decreases dose to normal structures which reduce toxicity
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INTRODUCTION

The advances in adjuvant systemic treatment for
breast cancer have decreased the risk of death from
distant metastasis significantly.! On the other hand,
remarkable consistent local control advantage has
been denoted in multiple randomized phases 3 trials
designed to assess the role of adjuvant radiation in
breast cancer patients.? with lacking survival benefit
until the publication of the Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) meta-
analysis that showed a reduction in the 15-year risk
of breast cancer death (21% versus 25 %, RR 0.82,
95% CI 0.75-0.90).3

In this metanalysis, internal mammary lymph nodes
(IMN) treatment were included in 24 of the 25
postmastectomy radiation therapy studies included in
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EBCTCG meta-analysis, which led to renewed
enthusiasm in IMN treatment in the current
management of breast cancer.3

Based on the results from two large clinical studies
(EORTC 22922/10925 and MA.20) that showed, at a
median follow-up of around 10 years, very similar
results, with an increase in disease-free survival
(72.1% vs 69.1%, HR 0.89, p = 0.04) and (82% vs.
82%, HR 0.76, p = 0.01) respectively and distant
disease-free survival (78% vs. 75%, HR 0.86, p =
0.02) and (86.3% vs 82.4%, HR 0.76, p = 0.03)
respectively with the trend towards overall survival
in EORTC trial, #° starting 2016 the National
Comprehensive Cancer Network (NCCN) guidelines
raised power for the recommendation of irradiation
of IMNs in patients with 1-3 positive axillary lymph
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nodes (ALNs) (category 2A), following mastectomy
and lumpectomy. ©

One of the most crucial concerns about internal
mammary lymph nodes irradiation (IMNI) is the
increased radiation dose to the heart and lungs when
outdated techniques have been used. Long term
follow up of randomized clinical trials has proved
that irradiation exposure of the heart during breast
cancer radiotherapy would increase the future risk of
heart disease. 7

With the development of modern radiotherapy
techniques, irradiation dose to heart and lung from
breast radiotherapy have decreased during recent
decades. Intensity-modulated radiotherapy (IMRT)
has shown encouraging results as a heart and lung-
sparing technique for breast cancer patients in several
studies. 8 910, 11

In this study, we have evaluated the feasibility of
inclusion of the IMN with reverse planning IMRT
with dosimetric evaluation and toxicity profile.

PATIENTS AND METHODS

From February 2014 through December 2018, forty-
one patients were enrolled in this study. Eligibility

criteria included adult females with
histopathologically confirmed breast cancer with
positive ALNs or medially located tumors

irrespective of axillary involvement. Patients were
assigned to receive postoperative radiation therapy
(PORT) to breast/ chest-wall and lymphatics,
including IMNs at a dose of 50 Gray (Gy) in 25
fractions. Delineation was done according to the
RTOG guidelines for the delineation of target and
normal structures for breast cancer. All patients
received inverse planning IMRT using Eclipse
commercial planning system version 14.6 with
Varian Unique treatment unit.

Treatment-related toxicity was evaluated using the
NCI Common Terminology Criteria for Adverse
Events (CTCAE) version 4. The primary endpoint
was the assessment of acute and moderately late
toxicity. the secondary endpoint was the estimation
of radiation dose to normal structures, and the tertiary
endpoint was progression-free survival (PFS) and
overall survival (OS). Overall survival was
calculated from the date of histopathological
diagnosis to the date of death from any cause.
Disease-free survival was calculated from the date of
histopathological diagnosis to the first date of local
recurrence, regional recurrence, distant recurrence.
Local recurrence-free survival was calculated from
the date of histopathological diagnosis to the first
date of local recurrence or regional recurrence.
Statistical package SPSS version 26 was used in
processing data using mean, standard deviation,
median, minimum, and maximum for quantitative
variables and frequencies (number of cases) and
relative frequencies (percentages) for categorical
variables. One-sided log-rank of Kaplan-Meier
survival estimates was used for statistical analysis of
OS and PFS, unpaired T-test, and fisher’s exact test
was used in the univariate analysis of the variables.
Results of the P-value less than 0.05 were considered
statistically significant.
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The current study had been

approved by the ethical committee, Faculty of
Medicine, Al-Azhar University, before the start of
the work.

RESULTS

This study included 41 patients with median age 50
years range (29 - 63), postmenopausal women
represent (58.5%). most patients had the right-sided
disease (78%), 7 patients (17.1%) had UIQ disease
location, 6 patients (14.6%) had a central disease,
while none had LIQ disease. (92%) of patients
subjected to MRM and only (7.7%) subjected to
CBS. (Table 1)
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Table (1): Clinicopathological data of the patients

Dosimetric Parameters

Planning target volume that received 95% of the
prescribed dose (PTV95) had mean coverage of
92.53% (86.3 — 98.3) and a mean dose of 100.2%
(98.2 — 102) with a maximum dose (PTVmax) of
108.9% (106.5 — 111). Table 2

Table 2: PTV coverage in %

PTV95 for right-sided cases was covered by higher
average dose (93.36 %, SD = 2.618) as compared to
left side PTV95 (89.66 %, SD = 2.403), p=0.01, 95%
C.l. [1.714 - 5.645]. no significant difference in
mean dose coverage as regard PTV for right-sided
cases (50.18 Gy, SD = 0.459) as compared to left-
sided cases (49.89 Gy SD = 0.839), p = 0.085, 95%
C.1. [-0.042 — 0.628].

Ninety-five percent of the IMN had mean dose
coverage of 87.36 %, with a median 90.5 (50 — 99.8).
0% IMN volume had mean coverage 94.2 % (60 —
100) of the prescribed dose. With mean dose for IMN
49.23 Gy (40.3-51.7).

The ninety-five percent of IMN for right sided cases
are covered by higher average dose (90.87 %, SD =
7.869) as compared to left side coverage (74.9 %, SD
=16.47), p = 0.02, 95% C.I. [3.167 — 28.774]. there
was no significant difference in mean dose reaching
IMN for right-sided cases (49.67 Gy, SD = 1.27) as
compared to left-sided cases (47.63 Gy SD = 3.28), p
=0.10, 95% C.I. [-0.498 — 4.578].

The mean volume that received > 20 Gy of the
ipsilateral lung (V20) was 25.83 % (18.5 — 29.9) with
percentile 95 28.2 % meaning that 95% of cases have
lung V20 below 28.2%. Table 3

©
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higher dose (26.12 Gy, SD = 2.11) as compared to
left side ipsilateral lung V20 (24.81 Gy, SD = 3.98),
p = 0.36, 95% C.I. [-0.68 — 3.29]. Mean lung dose
(MLD) for right-sided cases had no significantly
higher dose (14.14 Gy, SD = 0.75) as compared to
left-side ipsilateral mean lung dose (13.86 Gy, SD =
098), p = 0.358, 95% C.I. [-0.329 — 0.892].

The mean volume of the heart that received >25 Gy
(Heart V25) was 2.71 (0.3 — 12.1), while the mean
heart dose was 5.24 Gy, (2 —9.7). Heart \V25 for right
sided cases was significantly low (1.15%, SD = 0.61)
as compared to left side heart V25 (8.27 % SD =
3.46), p = 0.001, 95% C.I. [-9.78 — -4.45]. For right-
sided cases the heart received significantly lower
mean doses (4.5 Gy, SD = 1.79) as compared to left-
sided cases (7.8 Gy SD = 1.85), p = 0.001, 95% C.I.
[-4.709 — -1.955].

A Pearson product-moment correlation coefficient
was computed to assess the relationship between
heart V25 and (PTV V95 and IMN V95). There was
a positive correlation between the variables, (r = -
0.463,n=41,p=0.002) and (r=-0.491,n=41,p=
0.001) respectively. There was no significant
correlation between Heart V25 and IMN distance, (r
=-0.198, n = 41, p = 0.215). other normal structure
doses are summarized in Table 4
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Table 4: Normal tissue doses per Gy (contralateral

breast, esophagus, brachial plexus, and thyroid) Table 5: Skin erythema during and after radiation

Treatment-related Toxicity

Eighteen patients (43.9%) had Gl erythema, while G

Il erythema was seen in 23 patients (56.1%), most N %

patients recovered within two weeks and all patients

recovered within one month. -

Gl and 11 skin desquamation was seen in 20 patients

(48.8%) and 4 patients (9.8%) respectively, while - 41 100

GIII was seen in one patient (2.4%). Infection was

seen in (2.4%). Tables 5, 6 -

Pruritis was seen in (19.5%) of patients; also,

esophagitis was seen in (19.5%) of patients - 41 100

94



Ashour et al, Radiotherapy toxicity in irradiated int. Mammary nodes

37 90.2
4 9.8

Table 6: Skin desquamation during and after radiation.

Univariate analysis showed a significant difference
between different skin toxicity grades between
patients as regard PTVmax either < 107, 108-109,
and those with PTVmax >110, fishers exact test P =
0.001, Skin toxicity is increasing with the increase of
the maximum dose to PTV. Table 7

s N % N% N %
- Tumor sites

12.1
PRightbreast™ 13 317 18 439 1 24
PEUminarB™™ 13 317 12 292 0 0
- 3 73 6 686 1 24
 Age,years
[=igpmm 2 48 3 73 0 00
40560 13 317 17 415 1 24
[S60MN 3 73 2 48 0 0
[ltimpectomy™ o 0 3 73 0 0
[Miastectomy™ " 18 439 19 463 1 24
CPTVmax
Tomax<1077 5 122 2 48 1 24
- 12 293 2 48 18 439
~ IMN distance
f0=®mm T 5 122 1 24 0 0
PSS mmeY 12 293 19 463 1 24
[220mm "1 1 24 2 48 0 0
- T.bed Boost
MBogst@ o o 4 97 0 0
PNGBoGSE 18 439 18 439 1 24
Table 7: Maximal radiation dermatitis grade related to the
clinicopathologic characteristics, assessed by radiation
therapy oncology group score

None of the patients experienced Acute pulmonary
symptoms during radiation treatment time. Also,
lung fibrosis was not detected in CT images that were
done for follow up purposes. None of the patients had
cardiac events.

After a median follow-up 26 months, one patient
(2.4%) had a relapse in chest-wall, 4 patients (9.8%)
had a distant relapse to lung, and/or liver Median

0.770

0.418

0.903

0.294

0.001*

0.249

0.2

95

overall survival and median
progression-free survival were not reached. Figures
1,2
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Figure (1): Kaplan Meier survival curve for PFS time
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Figure (2): curve for PFS

time

Kaplan-Meier survival

DISCUSSION

The optimum management of IMNs in breast
cancer is controversial. However, there is
increasing evidence that the inclusion of IMNs as a
target in regional nodal irradiation (RNI) has the
potential to reduce local recurrence, distant
recurrence, and improve long-term survival in
2preast cancer patients.
The current indications of internal mammary
adjuvant irradiation are patients with > four positive
ALNs, medial tumors, and positive ALNSs,* we have
adopted these indications for IMC irradiation for
patients included in this study.
Many radiotherapy techniques have been used to
deliver radiation to the IMC, including electron or
electron/photon fields matched to shallow photon
tangents, partially wide photon tangents, proton
therapy, and IMRT or volumetric modulated arc
therapy (VMAT), 141516
The most commonly adopted IMRT technique for
adjuvant breast irradiation is the planning IMRT that
use the simple field in field technique, while the
inverse planning IMRT may offer some advantage in
patients who have complicated radiotherapy plans
like those who are going to receive IMC irradiation
(as patients included in our study) or patients with
abnormal chest wall shape.
On the other hand inclusion of IMN in PORT fields
raise the concern of increased toxicity to lung, heart,
and contralateral breast due to the higher radiation
doses to these structures, however, the IMRT

11 Survival Function
Ci



technique may provide a way to balance coverage of
IMN and decreasing the doses to organs at risk. 1
The concern about cardiac toxicity came after the
observation of increase cardiac mortality rates by
about 30% at 10 years in patients receiving adjuvant
left breast irradiation due to coronary arteries
irradiation, especially the left anterior descending
(LAD) coronary artery, '8 volume of the heart that
receives > 25 Gy (V25) should be limited to <10%
according to the QUANTEC criteria for cardiac
tolerance, this dose tolerance has shown clinical
correlation to the incidence of IHD and cardiac
mortality in a recent study, 1° in our study the heart
V25 were within the tolerance for all patients, which
suggesting acceptable cardiac sparing with IMRT
technique in left-sided patients.

Several other techniques were proposed for
decreasing heart dose, including Breathing-adapted
radiotherapy, 2 prone positions, especially for
patients with pendulous breast, 2!, and Partial-breast
RT in elderly patients with low-risk disease. ??, in this
study we did not use any of these techniques with the
IMRT.

Homogenous coverage of the PTV during adjuvant
breast irradiation is a major concern, the Last
ASRTO guidelines recommending a dose coverage
ranging between 95% and 107% to at least 95% of
the PTV and considered no more than 200cc >105%
and 2cc >107%, a reasonable goal for most cases. 2
Our patient study group have mean PTV V95%
coverage = 92.5 % and mean PTV Dmax = 109%.
Many studies have found less desquamation when the
maximum PTV dose is limited to 105% or 107% of
the prescription dose. 2 25 26 although the PTV
DMax in this study was 109 the rate of acute skin
toxicity was 56.1 % for grade 2 dermatitis while 9.8%
have wet desquamation only one patient had grade 3
dermatitis, most patients recovered after two weeks
which is considered acceptable.

Because of the limited number of patients, only skin
toxicity was significantly increased with an increased
maximum dose of radiation to the planning target
volume, also with this limited number, pulmonary
toxicity and cardiac toxicity were not encountered in
our patients because of the rarity of these events in
general.

CONCLUSION

The inclusion of the IMN in PMRT is well tolerable.
The use of inverse planning IMRT when IMC is
going to be treated could be justified to decrease
toxicity to the heart, lung and contralateral breast in
selected patients even if they have MRM, However,
the decision of inclusion of IMC must be
individualized taking in count the available radiation
techniques and the patient expected morbidity and
mortality.
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