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1. Introduction

1.1. General introduction

In 2020, female breast tumor exceeded lung cancer as the leading cause of worldwide
malignancy incidence, with an estimated 2.3 million new discovered patients,
representing 11.7% of all cancer cases. Among women, it is the first leading cause of
cancer mortality globally with 685 000 deaths [1]. According to the National Cancer
Registry, in 2019 a total of 8244 new cases were reported, while 2174 patients died of
breast cancer in Hungary [2].

From both pathological and clinical points of view, breast cancer is not a specific
disease, but a group of malignant lesions of the breast. Several classifications of breast
cancer have been developed, attempting to identify the predictive and prognostic features
of each category. The most commonly used classification relates to immunohistochemical
characteristics (estrogen receptor, progesterone receptor, Her-2 receptor, Ki-67 status),
histological grade, TNM, and the staging system based on it [3]. Hereditary gene mutation
Is present in approximately 5-10% of breast cancer cases, while 90-95% of occurrences
are sporadic. In the etiology of sporadic breast cancers, long-term estrogen effects caused
by early first menstruation, late menopause, hormonal contraception, and old age
hormone replacement play key roles. High-fat diets, alcohol consumption, and smoking
can also increase the risk of breast cancer. However, there is also evidence of a protective
effect of early childbearing, breastfeeding, and physical activity [4].

Although the incidence of breast cancer is increasing, breast cancer mortality in
developed countries has been on a downward trend in recent years. This is due to the
introduction of mammaography screening and increasingly effective local and systemic
oncological treatments. Mammography screening for women aged between 45 and 65 has
been centrally organized and funded in Hungary since 2001. The affected population
receives invitations to participate biannually. Unfortunately, the 40-45% participation
rate is below the desired target of 70-80%.

The complex therapy of breast cancers is an excellent example of
multidisciplinary treatments involving surgery, radiation and clinical oncology. With an
increasing incidence rate of early-stage breast cancer, the management has been

continuously developing from mutilating mastectomy, which was the benchmark until
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the 1980s, to the breast-conserving radio-surgical multidisciplinary approach. Nowadays,
the standard of care for early-stage breast cancer is breast-conserving surgery (BCS)
followed by postoperative radiotherapy (RT) to destroy any microscopic tumor cells that
may remain in the breast [5-7]. A meta-analysis of several prospective, randomized
studies has demonstrated that RT of the residual breast reduces the rate of ipsilateral
breast tumor recurrence (IBTR) by three quarters, and also reduced the risk of breast
cancer death (absolute reduction 3.8% at 15-year) by preventing secondary dissemination
[8]. Based on these results from the 1980s, BCS and whole breast irradiation (WBI)
consisting of 25 daily fractions (2 Gy/day, 5 fractions/week, total dose of 50 Gy) became
a generally accepted treatment for early-stage invasive breast cancer.

BCS is not a uniform surgical procedure, its extent ranges from tumorectomy
(meaning that the tumor is excised with minimal surgical margin), through wide local
excision (lumpectomy, meaning that the tumor is excised with a 1 cm clear parenchyma
without the skin and fascia), to quadrantectomy (meaning that the tumor is excised with
a margin of 2 cm, along with the skin above the tumor and the pectoral fascia).

WBI generally consists of an opposed tangential field arrangement, using
computer tomography (CT)-based 3-dimensional treatment planning, and is performed
with a linear accelerator (LINAC). During treatment, patients are in supine position, with
their head turned contralaterally, arms raised above their head, and fixed in a patient
fixation device (breast board).

The site of the resected cancer is referred to as a tumor bed. During surgery, the
margins of the tumor bed (walls of the excision cavity) are marked with 4-6 radiopaque
titanium clips. In a study, Bartelink et al. showed that 10-16 gray (Gy) additional (boost)
irradiation delivered only to the tumor bed after a 50 Gy of WBI further reduces the risk
of local recurrence. After a median follow up of 17.2 years of 5318 randomized patients,
the 16 Gy boost reduced the 20-year cumulative incidence of IBTR by 4.4%, but
demonstrated no difference in overall survival [9].

In spite of adequate local treatment, the rate of IBTR (true recurrence or second
primary tumor) has been reported to be within the range of 6 to 8% in 10 years, and 10 to
15% in 20 years [7, 8, 10]. However, the published incidences do vary significantly
between series due to differences in extent of surgery, patient selection, and usage of

adjuvant systematic treatment and RT.
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1.2. Risk factors for local recurrence in the breast

Several treatment-, tumor-, and patient-related factors are correlated with a higher risk of
IBTR.

Omission of adjuvant RT after BCS of the residual breast increases the rate of
IBTR by 75% [6, 8].

It is controversial whether histological grade is also a risk factor for IBTR. Some
researcher report that the risk of IBTR increases with an increasing grade. For example,
in the study of Sinn et al., the 5-year recurrence-free survival rates of grade | and grade Il
carcinomas were very similar (97% and 95%), but for grade Ill tumors the figure was
86% (p<0.001) [11]. While others have found no such association [12], higher histologic
grade predicted an increased incidence of distant metastasis (15% in grade 1 vs. 29% in
grade 111 tumors at 10 years (p=0.002) [13].

Age is one of the most confirmed risk factors for IBTR after breast-conserving
therapy (BCT). Inthe EORTC Boost vs No Boost Trial, the cumulative incidence of IBTR
at 20 years was 34%, 14%, and 11%, in patients 40 years or younger, 41 to 50 years old,
and 50 years or older, respectively (p<0.001) [14]. According to Elkhuizen et al., in terms
of the probability of IBTR, patients <45 years old had a relative risk (RR) of 4.09, while
patients 45-65 years old had a RR of 2.41 compared to patients >65 years old (p=0.001
and p=0.044) [15]. Nixon et al. reported that the group of patients younger than 35 years
is a significant predictor of IBTR compared with patients 35 to 65 years old (36% vs.
24% at 5 years, p=0.002, RR: 1.71) [16].

Several studies have reported a significantly increased rate of IBTR in patients
with positive surgical margins compared to those with negative surgical margins.
Although it is commonly accepted that a positive margin is defined by the presence of
tumor cells immediately at the resection edge, the definitions of negative or close margins
vary between the studies. In the study of Schnitt et al., a positive margin was defined as
a tumor being present at the inked margin of resection, a close margin as a tumor within
1 mm, and a negative margin as no tumor within 1 mm of the inked edge. The 5-year
IBTR rates among patients with negative, close, and positive margins were 0%, 4%, and
21%, respectively (p-value not reported) [17]. In the study of Gage et al., using the same
surgical margin classifications the 5-year rate of IBTR was 3% for negative and 2% for
close margin patients (p=0.87), vs. 16% for patients with positive margins (p<0.001) [18].
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In the study of Freedman et al., margins of excision were classified as negative if tumor
cells were more than 2 mm, or close if tumor cells were less than 2 mm from the inked
edge. Patients with a negative surgical margin have a low risk of IBTR (7% at 10 years),
however patients with a close or positive margin have identical risk (12% and 14%)
(p=0.04) [19]. In the study of Pittinger et al., the margin status was given as negative if it
was more than 3 mm, and close if it was 3 mm or less. The 3-year rates of IBTR were
3%, 3%, and 25%, of the negative, close, and positive margin groups, respectively (p-
value not reported) [20]. Differences in definitions of margin assessment make it difficult
to determine the extent of the increased risk associated with margin involvement. But
irrespective of the method and the definition used, the status of the surgical margin does
provide an indication of the risk of IBTR.

In the case of multifocality, there are at least two invasive or in situ tumor foci in
the same quadrant, separated by intact breast tissue. In multicentricity, the tumors are
located in different quadrants in the breast. Even when the identified multiple foci are
completely resected, patients with multiple tumors are at an increased risk of IBTR after
BCS. The higher the number of multiple foci, the greater the chance of IBTR [21].
Nowadays, by choosing the right oncoplastic methods and precise localization
techniques, if the size of the breast allows, multifocal and, less frequently, multicentric
tumors can be removed with a sufficiently intact margin. An important prerequisite is a
perfect preoperative diagnosis, of which breast magnetic resonance imaging (MRI) is a
desirable part. If these conditions are met, the higher IBTR rate can be reduced to an
acceptable level. Nevertheless, BCS in multifocal or multicentric breast tumors should
not be considered as a routine procedure [22-24].

Invasion of cancer cells into blood and/or lymphatic vessels has been shown to be
associated with an increased hazard of IBTR. In the study of Clemente and coworkers,
the probability of developing IBTR at 7 years was 5% for perilymphatic invasion (PLI)-
negative patients and 38% for PLI-positive patients (p=0.0001) [25]. According to the
study of VVoogd et al., the 10-year actuarial rates of IBTR after BCT was 15% for patients
with vascular invasion and 8% for those without vascular invasion (p=0.003) [26].

In the EORTC Boost vs. No Boost Trial, the cumulative incidence of IBTR at 20
years was 18% and 9% for tumors with and without ductal carcinoma in situ (DCIS)

(p<0.001) [14]. Sinn et al. also found that the proportion between the in-situ component
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and the invasive carcinoma was significantly related to the presence of IBTR. Patients
with an extensive in-situ component (EIC) had a 5-year recurrence-free survival of 85%
vs. 95% in patients with a small or no in-situ component (p< 0.001) [11].

The presence or absence of estrogen or progesterone receptors, the total tumor

size, and the axillary lymph node status was not significantly related with IBTR [11, 27].

1.3. True recurrence or new primary tumor

Re-appearance of malignancy in the ipsilateral breast could be due to recurrence
of residual disease or a new primary tumor. According to the literature addressing this
question, true recurrences are cases consistent with re-growth of malignant cells not
removed by surgery and not eradicated by adjuvant RT. However, new primary tumors
are new malignancies arising from residual breast tissue, and the incidence is the same as
in the contralateral breast.

With increasing time interval, an increasing percentage of IBTR is located
elsewhere from the tumor bed in the breast. This difference confirms the hypothesis that
early recurrences are caused by cell repopulation due to persistent tumor cells, whereas
late recurrences are more probably attributable to a new primary tumor origination. The
majority of recurrences after 10 years could be considered as new primary tumors [28-
31]. About 90% of the IBTR are invasive cancers, and 10% are non-invasive cancers [32].
Subsequent literature suggests that new primary malignancies have a better prognosis
than true recurrences, especially for overall and metastatic-free survival [30, 31, 33].

Although both types of neoplasm should be considered, they do not in themselves
affect the type of salvage treatment.

1.4. Prognostic impact of ipsilateral breast tumor recurrence

IBTR is associated with an increased risk of distant metastases and breast cancer
death after BCS and postoperative RT [34, 35]. The estimated magnitude of the increased
hazard of distant metastases is two to five times higher, and the increased mortality is in
the range of two to four times [34-36]. The risk decreases with increasing time from
treatment of IBTR [36].
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A greatly contested topic is whether the IBTR by itself can cause dissemination
of tumor cells, leading to distant metastases, or if it is only a marker for a more aggressive
disease.

According to a hypothesis of Halsted [37], breast cancer is a localized disease
initially, spreading sequentially, firstly to the lymph nodes, then later to the blood vessels
causing distant metastases through hematogenous dissemination. This means that
effective treatment must recognize this orderly, coherent spread of the disease.

An alternative hypothesis by Fisher [38] is that breast tumor is a systemic disease
from the beginning. Nodal involvement is not an orderly, contiguous extension, but rather
an indicator of distant disease. Local treatment may influence the risk of IBTR, but local
control is not important for survival. An IBTR is undoubtedly associated with a worse
survival rate, but it is simply an indicator of poor prognosis. Although Fisher's hypothesis
is more generally accepted, it is questionable for several reasons. For example, early
treatment of screening-detected breast cancers has led to a lower mortality [39], and
postoperative RT can improve overall survival (the “One-to-Four Rule”) [8].

According to the Spectrum Hypothesis of Hellman — an intermediate concept
between the Halsted’s and Fisher’s hypotheses — breast cancer is a heterogeneous disease,
ranging from one that remains local, through to one that is systemic when first
discoverable [40]. Persistent cancer, locally or regionally, can be the origin of distant
metastases, therefore — in contrast to the Fisher’s theory — locoregional therapy is
important. As a consequence, for patients with non-systemic tumor at primary operation,
loco-regional treatment (surgery and postoperative RT) appears to be of significant role
to improve survival results. In patients in whom microscopic metastases are present at the
time of the primary surgery, residual disease leading to IBTR has less prognostic

significance.

1.5 Surgical-only management of ipsilateral breast tumor recurrence without
radiotherapy

In the cases of IBTR, salvage mastectomy (sMT) is historically considered as the
gold standard treatment. According to the literature, the rate of the second ipsilateral
breast tumor recurrence (2"IBTR) is nearly 10% after SMT (range: 0-22%) [33, 41-55].

However, in spite of the favorable recurrence rate, it should be considered that patients

10
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undergoing SMT may suffer from reduced self-esteem and impaired body self-image, also
may develop physical and emotional distress, which impair quality of life [56, 57].

Therefore, after detailed discussion and information, a large proportion of patients
would prefer a second breast conserving surgery (2"BCS), resulting in a better cosmetic
result and quality of life. A conservative approach may be considered after a careful
assessment of surgical feasibility, which should take into account the dimension of the
IBTR, its focality, and the size of the breast in order to achieve a cosmetically acceptable
result. But unfortunately, the rate of 2"/IBTR after repeated BCS — without re-irradiation
of the remaining breast — has been reported to be as high as 28% (range: 7-50%) [33, 41-
48, 58-61].

A comparison of the results of these two treatment methods has been published
previously, and is now summarized in Table 1. [62].

Theoretically, re-irradiation after 2"YBCS may reduce the possibility of a third
ipsilateral breast tumor, but unfortunately a second course of irradiation to the whole
remaining breast with an adequate dose is considered inappropriate due to the high risk

of severe late side effects.

11
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Table 1. Results of second breast-conserving surgery (2"“BCS) without radiotherapy versus salvage mastectomy (SMT) (Smanyké V, 2019

[62]).
Author Median FUP No. of patients 2MIBTR 5-year 2YIBTR 5-year OS
(months) (%) (%) (%)
2"BCS | SMT | 2"BCS SMT 2"dBCS sMT 2"BCS SMT
Salvadori B [41] 73 57 133 14% 3% 19% 4% 85% 70%
Fodor J [42] 165 32 32 28% 16% NR NR 81%" 81%"
Dalberg K [43] 72 14 65 50% 18% 33% 12% NR NR
Voogd AC [33] 52 20 229 40% 22% NR NR NR NR
Alpert TE [44] 165 30 116 7% 7% NR NR 58%" 66%"
Komoike Y [45] 43 30 11 30% 0% 37% * 0% 90% * 91% f
Abner AL [46] 39 16 123 31% 6% NR NR NR 79%
van der Sangen MJC [47] NR 8 89 50% 11% NR NR NR NR
Kurtz JM [48] 35 34 36 9% 3% 22% 4% NR NR
Doyle T [49] 44 - 112 - 3% - NR - 86%
Beard HR [50] 55 - 59 - 12% - NR - NR
Botteri E [51] 60 - 121 - 15% - NR - 73%
Lindford AJ [52] 66 - 60 - 10% - NR - 93%
Tanabe M [53] 55 - 118 - 9% - 9% - NR
Recht A [54] 32 - 65 - 8% - 37% - NR

12
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Table 1. Results of second breast-conserving surgery (2"'BCS) without radiotherapy versus salvage mastectomy (sMT) (continued)
(Smanyko V, 2019 [62]).

Author Median FUP No. of patients 2MIBTR 5-year 2YIBTR 5-year OS
(months) (%) (%) (%)
2"BCS | SMT | 2"BCS SMT 2"dBCS sMT 2"BCS SMT
Osborne MP [55] 28 - 46 - 15% - 45% - 76%
Kurtz JM [58] 72 52 - 23% - 21% - 79% -
Kurtz JM [59] 51 50 - 32% - 38% - 67% -
Gentilini O [60] 81 161 - 29% - 29% - 84% -
Ishitobi M [61] 40 78 - 22% - 21% - NR -
Present study 56 - 156 - 18% - 18% - 66%
Range for all patients 28-165 582 | 1571% | 7-50% 0-22% | 19-38% | 4-45% | 67-85% | 66-93%

FUP: follow-up period; 2""BCS: second breast-conserving surgery; sMT: salvage mastectomy; 2" IBTR: second ipsilateral breast tumor

recurrence; OS: overall survival; NR: not reported; *: 10-year actuarial rate; f: 3-year actuarial rate; #: total number of patients.

13
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1.6. Accelerated partial breast irradiation (APBI)

WBI for 5-7 weeks has caused many difficulties for patients, even in developed
countries (travel for daily treatments, absence from work, hospital stays of several weeks),
which in many cases involved the omission of necessary irradiation. Clinicians have seen
a solution in shortening the treatments, which can be achieved by increasing the daily
dose of fraction. Therefore, during the 1980s and 1990s it was suggested that an
accelerated partial breast irradiation (APBI) — giving irradiation only to the tumor bed
and its immediately surrounding tissue — could be an appropriate compromise between
WBI and complete abandonment of RT.

Postoperative WBI is based on the premise that microscopic tumor cells may
remain anywhere in the remaining breast. A study found that tumor cells can be up to 4
cm from the main tumor mass [63]. However, later pathological studies, which excluded
high-risk cases (EIC or invasive lobular cancers), found that microscopic tumor spread
beyond 2 cm from the index tumor occurs only rarely in cases with unfavorable histology
characteristic [64-66]. Vicini et al., in their pathological processing of 333 breast
specimens, also found that if the tumors were removed by negative surgical margins, the
range of maximum tumor spread was 90% within a distance of 10 mm, and 96% within
15 mm [67].

The clinical basis for partial breast irradiation was provided by early studies
showing that in selected cases, the vast majority of IBTR after BCS and WBI should only
be expected in the tumor bed or in its immediate vicinity. Based on these controlled
clinical trials, more than two-thirds of IBTR develop from malignant cells remaining in
the direct surrounding of the primary tumor bed [68-74]. The incidence of elsewhere
recurrences was about 0-3.8%, which was independent of omission RT [72, 75]. This
suggests that RT mainly affects microscopic tumor cells remaining around the tumor bed
and reduces the risk of IBTR by destroying them. Given that WBI does not significantly
reduce the rate of elsewhere recurrences, a notable proportion of these cases are not a true
recurrence of the original breast cancer but a de novo second primary tumor.

Irradiation of the whole remained breast to the same homogenous dose therefore
is not the optimal adjuvant treatment for all operated breast cancer patients, since adjacent
vital organs being exposed to unnecessary ionizing radiation increases the risk of
potentially serious side effects. From a dosimetrical point of view, it is evident that the

14
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radiosensitive organ at risk (OAR) — such as the heart and ipsilateral lung — can be better
protected when the target volume is significantly smaller than in WBI [76]. Because of
its ability to focus an effective dose on a limited area by rapid fall-off of doses around
sources, brachytherapy (BT) is a promising method to safely irradiate the tumor bed.

The idea of accelerated fractionation is to reduce the overall treatment time and to
reduce the possibility of tumor cell regeneration, thus providing better tumor control.
Chadwick and Leenhouts in 1981 developed the “molecular model”, which has come to
be widely known as the “linear-quadratic (LQ) model”, and which can be used to obtain
estimates of effectivity/toxicity after changes in dose per fraction and in total dose [77].
According to this model, the integrity of the double-stranded deoxyribonucleic acid
(DNA) is essential for clonogenic survival. The LQ model with its o/p value describes
the curvature of cell killing, both for normal tissue complications and tumor control in
relation to RT dose. The linear term (oo component) corresponds to lethal (DNA double-
stranded break) and the quadratic term ( component) to sublethal damage. The o/p ratio
is the dose where the linear and the quadratic component cause the same amount of cell
killing. It can be concluded that cancer cells with low o/ ratio are more responsive to a
larger fraction size [78]. According to the START-B study, the o/p-value of breast cancer
is 3.5 - 4 Gy for loco-regional control and 3.8 - 4 Gy for late side effects (fibrosis,
telangiectasia) [79]. Based on these data, due to the relatively low o/p values, moderate
hypofractionation is safe in breast cancer. Given that the total treatment time has a minor
effect on the severity of late normal tissue damage, if sufficient time is allowed for normal
tissue to regenerate between fractions (minimum 6 hours), the total treatment time can be
reduced to 3-5 days by twice-a-day fractionation.

Based on subsequent prospective clinical trials with appropriate patient selection
and quality assurance, in selected cases APBI performed with multicatheter interstitial
brachytherapy (MIBT) has been successfully used as postoperative RT after BCS since
the 1990s [80, 84]. However, since the early 2000s the development of LINACs has made
it possible to apply ABPI non-invasively as well; first only with 3D-conformal
radiotherapy, and later with an intensity-modulated / image-guided radiotherapy

(IMRT/IGRT) technique, which more closely approximated the accuracy of MIBT [85].

15
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1.7. Intraoperative catheter implantation

In the conventional approach to MIBT, the percutaneous catheters are inserted a
few weeks after breast surgery, when the complete pathological report of the resected
tissue is available. There are two main surgical methods for managing the tumor bed after
breast cancer excision. The determination of the tumor bed and thus the target volume is
greatly influenced by the type of surgical technique. In open cavity surgery, after removal
of the cancer the wound is closed only by skin and subcutaneous sutures, resulting in a
fluid-filled cavity. In this situation, the cavity visibility score (CVS) developed by Smitt
et al. is used to grade the visibility of the tumor bed after surgery on a 5-point scale [86].
Even with drains inserted to remove excess surgical fluid, a large seroma can develop,
which can lead to post-operative complications. In a newer technique called closed cavity
surgery (full thickness surgical closure), the cavity is closed by suturing the cavity walls
together. This reduces the chance of post-operative infection and results in better cosmesis
[87]. Closed cavity surgery does not result in large seromas, which makes it difficult to
locate the tumor bed precisely.

An alternative approach to catheter implantation is the intraoperative technique.
Compared to the postoperative method, the intraoperative technique allows for direct
visualization of the excision cavity, and consequently more accurate placement of the
catheters. In addition, this approach — which is intended to avoid the need for a second
invasive procedure —does not increase the risk of postoperative complications and has no
negative impact on the cosmetic outcome [88]. In this case, due to the preparation of the
histological findings as early as possible, good cooperation with the pathologist is

necessary to minimize the in-tissue time of the catheters.

1.8. Second breast-conserving therapy (2"'BCT)

Since many patients still have a good prognosis after an early-stage breast cancer,
quality of life and patient satisfaction are becoming increasingly important. However, the
above-mentioned studies have made it clear that the repeated local excision of IBTR leads
to a favorable cosmetic outcome compared to SMT, but is not acceptable from an
oncological point of view because of the high risk of further local recurrence, which is

associated with poor prognosis. This has led to the need for a new, safer multidisciplinary
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therapeutic option. Historically, repeated RT was contraindicated following WBI due to
concerns about unacceptable side effects with a second course of irradiation, but more
recently, with improved RT methods and the increasingly early detection of small volume
IBTR, there has been growing interest in a second conservative treatment.

Introduced in the late 1970s, the concept of the 2"9BCT consists of a repeated
surgical procedure (lumpectomy or wide excision) with external beam or BT re-
irradiation limited to the tumor bed. After a previous WBI, only partial breast irradiation
was a possible additional RT technique after repeated BCS, but even this could only be
recommended with careful consideration. However, patients would rather accept the
higher risk of local toxicity with re-irradiation to avoid SMT. Among the more widely
available external beam radiotherapy (EBRT) methods, well-focused and limited depth
of penetration electron irradiation — which is more protective of the surrounding tissue
than photon irradiation — was introduced into clinical practice in the mid-1980s [89-90].
For the first time, Mullen et al. [90] published a study of repeated lumpectomy and
external beam electron re-irradiation to the operative area in patients who had an IBTR
after an initial breast cancer cured by BCS and WBI.

Despite its more limited availability, and due to its more favorable dosimetrical
properties mentioned in the previous points — its ability to focus radiation only on a
limited area with rapid fall-off of doses around sources while sparing surrounding normal
tissues — indicated that BT seemed to be a more promising way to re-irradiate the tumor
bed with an effective dose after a previous WBI. This method was first used in the late
1970s. The first multi-patient study was reported by Maulard et al. in 1995 [91]. He
described the method of treating IBTR by limited tumorectomy and perioperative low-
dose rate (LDR) BT, carried out by intraoperatively implanted plastic tubes with delayed
loading of radioactive Iridium wires. The results of treatments using this technique are
discussed in detail in Section 5.

According to the data reported by Miller and her colleagues, it is estimated that
the number of breast cancer survivors in the United States will increase by 22% between
2019 and 2030 (from 3.8 to 4.9 million) [92]. These data suggest that the number of
patients diagnosed with IBTR will increase significantly in the coming decades, which
makes the issue of 2"“BCT even more topical.
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2. Objectives

The objectives of the dissertation are:

1. To present the technique of intraoperative catheter implantation and perioperative
breast brachytherapy, and the dosimetric results of the method.

2. To evaluate the 5-year clinical efficacy of second breast-conserving surgery with
re-irradiation using perioperative high-dose-rate (HDR) multicatheter interstitial

brachytherapy (MIBT), compared to standard salvage mastectomy (sMT).

3. To analyze the late side effects and cosmetic results after second breast-

conserving therapy (2"“BCT).
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3. Methods

3.1. Treatment of the initial breast cancer

The study was approved by the local ethics committee and was performed with the
permission of the national regulatory authority (ETT-TUKEB N°: BM/7915- 1 /2023).
We identified 195 patients who had an IBTR following a prior BCT between 1999
and 2016. For the treatment of the first breast cancer, all women underwent BCS (wide
local excision or lumpectomy) and either sentinel lymph node biopsy (SLNB) or axillary
block dissection. Adjuvant RT consisted of 46 to 50 Gy WBI using a LINAC with CT-
based treatment planning, administered by two tangential photon beams with
conventional fractionation (2 Gy/day, 5 fractions/week). Forty-five patients (23%)
received photon or electron tumor bed boost between 4 and 16 Gy. Patient, tumor, and

treatment characteristics for the initial breast cancer are summarized in Table 2.

Table 2. Patient, tumor, and treatment characteristics for the initial breast cancer of 195
patients (Smanyko V, 2019 [62]).

Characteristic n (%)
Mean age (years) 53 (range: 27-83)
Premenopausal 85 (44%)
Mean tumor size (mm) 19 (range: 1-80)

Histologic type

Invasive ductal carcinoma 130 (67%)
Invasive lobular carcinoma 12 (6%)
Other invasive carcinoma 10 (5%)
Ductal carcinoma in situ 14 (7%)
Unknown 29 (15%)
Histologic grade

1 29 (15%)
2 64 (33%)
3 43 (22%)
Unknown 59 (30%)
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Table 2. Patient, tumor, and treatment characteristics for the initial breast cancer of 195
patients (continued) (Smanykoé V, 2019 [62]).

Characteristic n (%)
pTNM stage
pT1 pNO 69 (35%)
pT2 pNO 21 (11%)
pT3 pNO 4 (2%)
pT1pN1 25 (13%)
pT2 pN1 15 (8%)
pT2 pN2 2 (1%)
pT2 pN3 2 (1%)
pT3 pNO 4 (2%)
Unknown 53 (27%)
Surgical margin status
Positive 12 (6%)
Negative 103 (53%)
Unknown 80 (41%)
Hormonal status
ER+ PR+ 58 (30%)
ER+, PR- 12 (6%)
ER-, PR+ 5 (3%)
ER-, PR- 38 (19%)
Unknown 82 (42%)
Her-2 status
Her-2 positive 37 (19%)
Her-2 negative 130 (67%)
Unknown 28 (14%)

20



DOI:10.14753/SE.2023.2842

Table 2. Patient, tumor, and treatment characteristics for initial breast cancer of 195
patients (continued) (Smanykoé V, 2019 [62]).

Characteristic n (%)
Systemic therapy
Chemotherapy 41 (21%)
Hormonal therapy 54 (27%)
Chemo-, and hormonal therapy 21 (11%)
None 62 (32%)
Unknown 17 (9%)

ER: estrogen receptor; PR: progesterone receptor.

3.2. Treatment of ipsilateral breast tumor recurrence

Thirty-nine patients who — after detailed information and discussion about the treatment
methods available — refused SMT, underwent 2"“BCS (wide re-excision) and perioperative
HDR MIBT. All of the cases were presented at our institutional breast tumor board.
Written informed consent was given from every patient prior to treatment. The other 156
women were treated with standard sMT.

Patients were treated with 2""BCT when all of the following inclusion criteria were met:
- unicentric, parenchymal tumor recurrence, without regional or distant metastasis,

- size of the tumor was < 3 cm based on clinical, mammographic, breast ultrasound or
breast MRI examination,

- recurrence at least 2 cm distance from the skin surface,

- favorable expected tumor bed / breast volume ratio after repeated BCS,

- and the patient's strong preference for 2"“BCT.

Exclusion criteria were the multicentric or multifocal IBTR.

3.2.1. Second breast conserving surgery and intraoperative catheter implantation

In a case of 2"'BCT, after being confirmed by fine needle aspiration cytology or
core biopsy, wide re-excision of the recurrent tumor was performed under general

anesthesia by breast surgeons of our Institute. During re-operation, the walls of the
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excision cavity were marked with 6 radiopaque titanium clips. With an open surgical
wound, depending on the volume of the cavity an average of 8 (range: 4-24) metal guide
needles in 1 to 3 planes were inserted in the tumor bed freehand (without template
guidance), spaced 10-15 mm apart and forming equilateral triangles, according to the
rules of the Paris dosimetry system [93] (Figure 1.). Afterward, the guide needles were
replaced with flexible hollow plastic catheters and secured with fixation buttons on both
sides of the skin. After implantation, the wound was closed with sutures (Figure 2.).

Figure 1. Needle insertion.
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Figure 2. Plastic catheters with fixation buttons at the skin.

Assessment of axillary lymph nodes was rarely performed because at the time of primary
treatment (before introduction of SLNB in Hungary) axillary block dissection was
performed. Five patients (13%) in the 2"'BCT group, and 39 patients (25%) in the SMT
group underwent re-SLNB.

23



DOI:10.14753/SE.2023.2842

3.2.2. Treatment planning and dosimetric aspects of perioperative multicatheter
interstitial brachytherapy

After histological confirmation of the lesion and measurement of the microscopic surgical
margins (on approximately the third or fourth postoperative day), CT-based computerized
treatment planning was performed of the implanted breast. As a target volume, the tumor
bed extended by an additional margin (20 mm minus the intact surgical margins given in
the six main directions) was contoured by excluding a 5 mm rim of subcutaneous tissue
beneath the skin surface and the pectoral muscle, according to the GEC-ESTRO (Groupe
Européen de Curiethérapie — European Society for Radiotherapy and Oncology)
recommendation [94] (Figure 3 and 4.). In one patient the exact extent of the microscopic
surgical margin remained unknown due to the incision of the surgical specimen in the

operation theatre, thus the maximum margin of 20 mm was used.

Figure 3. Schematic representation of the relation between the tumor location and the
excision cavity to the planning target volume (PTV). In all directions the total margin
around the tumor is 20 mm (Major T, 2016 [94]).
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Figure 4. Target volume and contours of the organs at risk with colored lines.

Blue line: tumor bed, red line: planning target volume (PTV), green line: ipsilateral
breast with 5 mm rim of subcutaneous tissue beneath the skin, light purple line: ribs,
dark purple line: heart, azure blue line: ipsilateral lung.

After contouring of the clinical target volume (CTV), which is equal to the planning target
volume (PTV) in BT, the OARs such as heart, ribs, lung, skin, ipsilateral non-target
breast, and contralateral breast were identified. After reconstruction of the catheters,
geometric optimization was used during the treatment planning, which was supplemented
with graphical optimization as needed to achieve the required dose-volume criteria. Later,
with the development of a treatment planning system, the hybrid inverse planning
optimization method (HIPO) was applied to reach an optimal dose distribution. Dose
constraints were used in accordance with the ESTRO-ACROP (European Society for
Radiotherapy and Oncology - Advisory Committee for Radiation Oncology Practice)
guideline [95]. During treatment planning, active source positions and dwell times within
the catheters were determined to obtain a conformal dose distribution and achieve the best
dose homogeneity and target coverage (at least 90% of the PTV received 100% of the
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prescribed dose /PD/), and the lowest possible dose to OARs (Figure 5 and 6.). The dose
nonuniformity ratio (DNR) was aimed to be equal or less than 0.35.

Initially the Plato® and later the Oncentra Brachy® treatment planning system were used
for planning (Nucletron, Veenendaal, The Netherlands and Elekta Brachytherapy,
Veenendaal, The Netherlands).

150.00

Figure 5. Conformal dose distribution on an axial CT slice.
Red area = planning target volume (PTV), different colored lines: isodose curves

corresponding to dose distributions, red dots: dwell positions of the iridium source.

Figure 6. 3D image of the planning target volume (PTV) and reconstructed catheters.
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The following dose-volume parameters were used for quantitative evaluation of plans:

Vprv: volume of the planning target volume (PTV) (cm?).

V100, V150, and VV200: percentage of the Vprv receiving at least 100%, 150%,
and 200% of the PD (%).

D90 and D100: minimum doses (in percentage of the PD) encompassing 90%
and 100% of the PTV (Gy).

Dmean (NON-target breast): the mean dose of non-target breast (Gy);

D1(x), Do.1(X): the minimal dose of the most exposed 1 and 0.1 cm? of the
critical organ (x = heart, ribs, ipsilateral lung, skin, contralateral breast) (Gy).

The following parameters were calculated for quantitative analysis of dose distributions

regarding dose homogeneity and conformality:

Dose nonuniformity ratio (DNR): the ratio of high dose volume (irradiated by
1.5 times the PD) to reference dose volume (irradiated by the PD). A lower
value means a more a homogeneous dose distribution [96].
Viso
DNR= m

Dose homogeneity index (DHI): the higher the DHI, the more homogeneous the
distribution [97].
V100 — V150

7100

Conformal index (COIN): takes into account the coverage of the PTV by the PD

DHI =

and also the unwanted irradiation of normal tissues outside the PTV. The dose
distribution is most conformal when the COIN is maximal [98].

comy < PTVrer PTVees _ . PTVres

Verv Ve Vier
where: Vrer: volume irradiated by the reference dose (Vref = V100)
PTVrer: volume of PTV irradiated with the reference dose
Coverage index (CI): shows the proportion of the target volume that receives at
least the reference dose.

I = V100
100

In an ideal implant the DNR is low, the DHI is high, and the Cl and COIN are close to 1.
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The irradiation was started 72 to 96 hours after salvage surgery. Patients were
treated with a microSelectron® or a Flexitron® HDR remote afterloading unit using an
Iridium-192 isotope source with 370 GBq initial activity (Elekta Brachytherapy,
Veenendaal, The Netherlands).

A total dose of 22 Gy was delivered to the target volume, in 5 fractions of 4.4 Gy,
with a twice-a-day fractionation, at least 6 hours apart and over 3 consecutive days.
Following the last fraction, the catheters were removed. After a few hours of observation,

the patients were discharged home.

3.3 Patient, tumor, and treatment characteristics for ipsilateral breast tumor recurrence

There was no remarkable difference between the 2""BCT and SMT groups in terms
of the patient-related parameters at the second tumor. Although the mean size of the IBTR
was significantly larger in the SMT group than in the 2"'BCT group (25 mm vs. 16 mm,
p=0.0005), no other significant difference was found in the pathological characteristics
of the recurrent tumors between the two groups (e.g., margin status, histologic type and
grade, receptor status). In the majority of the cases in both groups the IBTR was located
in or near to the tumor bed of the first operation (74% and 81%). Most of the patients had
chemo- or hormonal therapy in both treatment groups (note that the patients in the SMT
group had almost twice the number of hormone receptor-negative tumors than the
members of the 2"“BCT group), which probably played a role in improved local control.
In the 2"9BCT group adjuvant systemic treatments consisted of chemotherapy in 3
patients (8%), while 29 (74%) received endocrine therapy only, and 3 (8%) received both.
No further adjuvant treatment was administered in 4 patients (10%) because of their
advanced age, hormone receptor-negative status, or their refusal of systemic cytostatic
therapy. In the SMT group the patient numbers were 33 (21%), 87 (56%), 15 (10%), and
21 (13%), respectively.

Patient, tumor, and treatment characteristics for the IBTR are summarized in Table 3.
[62].
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Table 3. Patient, tumor, and treatment characteristics for ipsilateral breast tumor
recurrence (IBTR) according to salvage treatments in the total patient population of 195
(Smanyké V, 2019 [62]).

Characteristic 2"BCT group SMT group
(N=39) (N=156) p-value

Mean age (years) 63 (range: 36-81) 62 (range: 36-87) 0.48%
Premenopausal 4 (11%) 20 (13%) 0.82*
Mean tumor size (mm) 16 (range: 2-70) 25 (range: 2-90) 0.00058
Mean time to recurrence 128 108 0.098
(months) (range: 36-258) (range: 9-324)
Localization of recurrence* (n=38) (n=96)
In or vicinity of the tumor bed 28 (74%) 78 (81%) 0.35"
Different quadrant 10 (26%) 18 (19%)
Unknown 1 60
Histologic type
Invasive ductal carcinoma 33 (84%) 114 (73%)
Invasive lobular carcinoma 3 (8%) 21 (13%) 051"
Other invasive carcinoma 2 (5%) 11 (7%)
Ductal carcinoma in situ 1 (3%) 10 (7%)
Histologic grade
1 7 (18%) 18 (11%)
2 11 (28%) 62 (40%)
3 20 (51%) 64 (41%) 026"
Unknown 1 (3%) 12 (8%)
Surgical margin status
Positive 1 (3%) 13 (8%)
Negative 37 (94%) 134 (86%) 0.34"
Unknown 1 (3%) 9 (6%)

2"YBCT: second breast-conserving therapy; SMT: salvage mastectomy; *: only in cases
with known localization, §: Student’s t-test, #: Fisher's exact test, @: Mann-

Whitney U test, B: logistic regression
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Table 3. Patient, tumor, and treatment characteristics for ipsilateral breast tumor
recurrence (IBTR) according to salvage treatments in the total patient population of 195

(continued) (Smanyké V, 2019 [62]).

Characteristic 2"BCT group SMT group
(N=39) (N=156) p-value

Hormonal status
ER+ PR+ 24 (62%) 82 (53%)
ER+, PR- 6 (15%) 21 (13%)
ER-, PR+ 1 (3%) 1 (1%) 0.49*
ER-, PR- 6 (15%) 44 (28%)
Unknown 2 (5%) 8 (5%)
Systemic therapy
Chemotherapy 3 (8%) 33 (21%)
Hormonal therapy 29 (74%) 87 (56%) 0.18"
Chemo- and hormonal therapy 3 (8%) 15 (10%)
None 4 (10%) 21 (13%)

2"9BCT: second breast-conserving therapy; sMT: salvage mastectomy, ER: estrogen

receptor; PR: progesterone receptor, B: logistic regression

Based on the location of the first and second tumor in the total study population
of 195 patients, 79% of the IBTR can be considered to be true recurrences, and 21% as
new primary tumors (tumor bed recurrence or elsewhere failure). The same proportions,
based on the histological type relationship of the first and second tumors, were 78% and
22%, respectively. In both groups, approximately four-fifths of the 62 distant metastases
detected in the entire study population occurred in patients with true recurrence.

Based on the GEC-ESTRO ABPI classifications [99], in the 2"BCT group 17
(44%), 11 (28%), and 11 patients (28%) belonged to low-risk (LR), intermediate-risk (IR)
and high-risk (HR) categories, respectively.

Based on the recommendation of the St. Gallen Consensus Conference [100], in
the 2"“BCT group 14 (36%), 10 (26%), 2 (5%), 2 (5%), 4 (10%) IBTR belonged to the
Luminal A, Luminal B, Luminal Her2-positive, non-Luminal Her2-positive, and triple-

negative molecular subtype groups respectively, while 7 (18%) were not classifiable.
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This distribution in the SMT group was 52 (33%), 28 (18%), 11 (7%), 18 (12%), 23 (15%)
in the same order, and 24 (15%) were not classifiable. Published series in the literature
use various methods to classify patients into approximated molecular subtypes on the
basis of available immunohistochemical information. Where the Ki-67 value was not
described in the pathology report, we used histological grade as an acceptable substitute

measure of proliferation rate in our analysis.

3.4. Patients’ follow-up

During follow-up, patients were controlled every 3 months in the first 2 years after
salvage treatment, then every 6 months in the first 5 years, and every year thereafter.
Breast ultrasound and mammography were performed annually. In cases of uncertain
ultrasound or mammaography findings, MRI and/or histological sampling (fine needle
aspiration cytology or core biopsy) of suspicious lesions were performed to differentiate

between 2"IBTR and localized late side effect (fibrosis or fat necrosis).
3.5. Evaluation of side effects and cosmetic results

The cosmetic results were assessed by the Harvard criteria [101] (Table 4.).

Skin side effects and fibrosis were scored by the RTOG/EORTC (Radiation
Therapy Oncology Group/European Organization for Research and Treatment of Cancer)
late radiation morbidity scoring system [102] (Table 5.).

To assess fat necrosis, we used the classification system previously developed by
our working group [103] (Table 6.).

Table 4. Harvard criteria system for assessing cosmetic outcomes (Harris J, 1979 [101]).

Grade Definition

Excellent | Treated breast nearly identical to untreated breast

Good Treated breast slightly different than untreated breast

Fair Treated breast clearly different from untreated breast, but not seriously distorted

Poor Treated breast seriously distorted compared to untreated breast
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Table 5. RTOG/EORTC late radiation morbidity scoring scheme (Cox JD, 1995 [102]).

Tissue Grade
0 1 2 3 4 5
None | Slight Patch atrophy; | Market Ulceration | Death
atrophy; moderate atrophy;
- pigmentation | telangiectasia; | gross
'(% change; total hair loss | telangiectasia
some hair
loss
None | Slight Moderate Severe Necrosis Death
induration fibrosis but induration
% (fibrosis) and | asymptomatic; | and loss of
é loss of slight field subcutaneous
§ subcutaneous | contracture; tissue;
+§ fat < 10% linear | field
é reduction contracture >
? 10% linear
measurement

RTOG/EORTC: Radiation Therapy Oncology Group / European Organization for

Research and Treatment of Cancer.

Table 6. Scoring system for fat necrosis (Lovey K, 2007 [103]).

Grade Definition
0 No fat necrosis
1 Asymptomatic fat necrosis (only radiologic and/or cytologic findings)
. Symptomatic fat necrosis not requiring medication
(palpable mass with or without mild pain)
. Symptomatic fat necrosis requiring medication
(palpable mass with significant pain)
4 Symptomatic fat necrosis requiring surgical intervention
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3.6. Statistical methods

The primary endpoint of this study was the 5-year cumulative incidence of a 2"IBTR.

Secondary endpoints were the 5-year overall survival (defined as the time between the
date of salvage treatment and the date of patient death of any cause), the 5-year
cumulative incidence of regional relapse (axillary, supraclavicular, or internal mammary),
the 5-year cumulative incidence of distant metastasis (observed between salvage
treatment date and event occurrence), the 5-year cumulative incidence of disease-free
survival (2"IBTR, regional or distant metastasis, breast cancer death, or death from any
cause) and the 5-year cumulative incidence of specific survival (death caused by the
cancer). All time intervals were calculated from the date of salvage surgery.
Student’s t-test, Fisher's exact test, Mann—Whitney U test and logistic regression were
used to compare patient, tumor, and treatment characteristics between the two treatment
groups [104]. The actuarial rates of specific events and survivals were calculated using
the Kaplan-Meier method [105]. Survival curves were compared using the log-rank
(Mantel-Cox) test [106]. STATISTICA 12 software was used for statistical analyses
(StatSoft Inc., Palo Alto, USA). The statistical significance was considered at p < 0.05.
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4. Results

We retrospectively analyzed the outcomes of 195 women who had been presented
with an IBTR after previous breast conserving surgery and WBI between 1999 and 2016.
Because this was a real-world study, the size of the study population was determined by

the number of patients in whom the IBTR was discovered and treated at our Institute.

4.1. Dosimetric evaluation of perioperative multicatheter interstitial brachytherapy with
intraoperative catheter implantation technique

At the 2"“BCS with an open surgical cavity, a median of 8 (range: 4-24) flexible

hollow plastic catheters in 1 to 3 planes were placed in the tumor bed.

The mean volume of the PTV was 58 cm? (range: 21-130 cmd).

The mean volumes of 100%, 150%, and 200% of PD were 85.8%, 41.0%, and 18.7% of
the volume of the PTV, respectively. The mean D90 and D100 were 93.0% and 56.2%.
The average DNR was 0.4. In the vast majority of cases, we were able to keep the DNR
below our planned limit, but in some cases the DNR moderately exceeded the desirable
value of 0.35. In those cases, the target coverage was preferred against dose homogeneity.
The mean COIN was equal to 0.51, whereas the dose homogeneity in the PTV was
characterized with a DHI of 0.59.

Dose-volume parameters for the PTV are presented in Table 7.

Seventeen patients had an IBTR in the left breast, and 22 patients in the right
breast. In terms of the dose-volume parameters for the organs at risk, mean D; and Do
were 1.12 Gy and 1.3 Gy to the heart for left-sided lesions, 2.93 Gy and 3.58 Gy to the
ribs, 2.11 Gy and 2.39 Gy to the ipsilateral lung, 2.72 Gy and 3.16 Gy to the skin, and
008 Gy and 0.13 Gy to the contralateral breast, respectively.
The detailed results can be found in Table 7.

Based on this data, with the technique of intraoperative catheter implantation we were
able to keep the dose exposure of the OARs at low level, with a conformal dose
distribution, good dose homogeneity and target coverage.
These dosimetric data are comparable with our previous results of ABPI for primary

breast cancer, executed by the postoperative catheter implantation technique [107].
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Table 7. Dose-volume parameters and quality indices for perioperative multicatheter
interstitial brachytherapy. Reference dose: 5x4.4 Gy. Values refer to 1 fraction.

Dosimetric characteristic Mean Range
Mean volume of treated breast (cm?®) 831.7 407.8-1858.9
PTV / treated breast ratio 0.07 0.02-0.16
V100 (%) 85.8 71.2-94.7
V150 (%) 41.0 29.3-59.3
V200 (%) 18.7 11.3-45.0
D90 (%) 93.0 70.6-105.6
D100 (%) 56.2 18.3-78.3
DNR 0.4 0.24-0.53
DHI 0.59 0.46-0.75
COIN 0.51 0.17-0.96
Cl 0.86 0.71-0.94
Dmean (NON-target breast) (Gy) 1.45 1.08-1.84
D; (heart)* (Gy) 1.12 0.41-2.26
Do.1 (heart)* (Gy) 1.30 0.55-2.49
D (ribs) (Gy) 2.93 1.39-6.34
Do.1 (ribs) (Gy) 3.58 1.65-9.33
D: (ipsilateral lung) (Gy) 2.11 0.91-3.75
Do.1 (ipsilateral lung) (Gy) 2.39 1.13-4.04
D; (skin) (Gy) 2.72 1.14-7.15
Do.1 (skin) (Gy) 3.16 1.31-4.68
D1 (contralateral breast) (Gy) 0.08 0-0.13
Do.1 (contralateral breast) (Gy) 0.13 0.02-0.25

PTV: planning target volume. V100, V150, V200: volume of PTV received x% of the reference
dose. D90, D100: the minimum dose delivered to 90 and 100% of PTV. DNR: dose
nonuniformity ratio. DHI: dose homogeneity index. Cl: coverage index. COIN: conformal
index. Gy: gray. Dmean (nON-target breast): the mean dose of non-target breast, D1 (x) and Do.1
(X): the minimal dose of the most exposed 1 and 0.1 ¢cm? of ‘x’ organ at risk. *: only in left-
sided tumors.
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4.2. Comparing the 5-year oncological outcome of second breast-conversing therapy to
salvage mastectomy

No significant difference was found regarding the total follow-up time (up to 189
months) neither in second ipsilateral breast tumor recurrence-free survival (p=0.22) nor
in regional recurrence-free survival (p=0.77), neither in distant metastasis-free survival
(p=0.24) nor in disease-free survival (p=0.13), neither in cancer-specific survival
(p=0.32) nor in overall survival, after 2""BCT or SMT (p=0.15).

No significant difference was found regarding the 5-year median follow-up times either.

At a median follow-up of 59 months, a 2"IBTR detected in 4 women (10.2%) in
the 2"9BCT group, and at a median follow-up of 56 months in 28 patients (17.9%) in the
sMT group. The 5-year actuarial rate of 2"YIBTR was 6% after 2"BCT vs. 18% after sSMT
(p=0.16). After the 2"/IBTR, completing mastectomy was implemented in 3 patients in
the 2"'BCT group, so the final mastectomy-free survival was 92%. In one women distant
metastasis was discovered prior to the 2"IBTR, therefore no additional breast surgery
was performed.

Ipsilateral axillary lymph node metastasis detected in 2 patients (5.1%) in the
2"YBCT group, and in 11 women (7.1%) in the SMT group. The 5-year probability of
regional recurrence-free survival was 94% after 2"“BCT vs. 95% after SMT (p=0.62).

The 5-year probability of distant metastasis-free survival was 76% vs. 74% in the
2"9BCT and the SMT group (p=0.41). Overall, 9 patients (23%) in the 2"YBCT group and
53 women (34%) in the SMT group developed subsequent distant metastases at mean 48
(range: 19-123) and 55 (range: 3-180) months after salvage surgery of IBTR, and all of
them died of breast cancer at mean 30 (range: 6-123) and 22 (range: 0-155) months after
the diagnosis of distant metastasis, respectively.

The 5-year probability of disease-free survival was 69% after 2"“BCT vs. 65%
after sMT (p=0.20).

The 5-year probability of cancer-specific survival was 85% vs. 78% (p=0.51),
respectively.

And the 5-year probability of overall survival was 81% vs. 66% (p=0.12), in the
same order.

The above detailed, previously published results are presented by Kaplan-Meier curves
in Figures 7-12. [62].
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Figure 7: Second ipsilateral breast tumor recurrence-free survival after second breast-

conserving therapy or salvage mastectomy (Smanyké V, 2019 [62]).
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Figure 8: Regional recurrence-free survival after second breast-conserving therapy or

salvage mastectomy (Smanyko V, 2019 [62]).
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Figure 9: Distant metastasis-free survival after second breast-conserving therapy or

salvage mastectomy (Smanykoé V, 2019 [62]).
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Figure 10: Disease-free survival after second breast-conserving therapy or salvage

mastectomy (Smanyko V, 2019 [62]).



DOI:10.14753/SE.2023.2842

100% |
90% |
80% |
70% |
IS
2 60% |
c
]
50% |
2
< 40% |
4
30%
20% |
10% | ® Second breast-conserving therapy
® Salvage mastectomy
0% | p=0.32
0 20 40 60 80 100 120 140 160 180 200

Time (months)

Figure 11: Cancer-specific survival after second breast-conserving therapy or salvage

mastectomy (Smanyko V, 2019 [62]).
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Figure 12: Overall survival after second breast-conserving therapy or salvage
mastectomy (Smanyko V, 2019 [62]).
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Three patients (2%) developed second primary non-breast malignancies in the
sMT group (including one renal cancer, one lung cancer, and one ovarian cancer), and
also 3 patients (8%) in the 2"'BCT group (including one colon cancer, one lung cancer,
and one hypernephroma).

Contralateral breast tumor occurred in 18 patients (9%) in the SMT group and in
2 patients (5%) in the 2"'BCT group.

4.3. Late side effects and cosmetic results after second breast-conserving therapy

After the 2"9BCT, cosmetic results were evaluated based on the Harvard criteria
schema. Among these, 4 (10%), 23 (60%), 6 (15%), and 6 patients (15%) had excellent,
good, fair, and poor cosmetic results, respectively. According to the RTOG/EORTC
classification system, grade 2 and 3 late skin toxicity occurred in 11 (28%) and 3 patients
(8%), and grade 2 and 3 fibrosis developed in 9 (23%) and 1 patient (2%), respectively.
Asymptomatic fat necrosis was detected in 7 women (18%) and required no further
surgical intervention.

The results are summarized in Table 8.

The long-term side effects of patients who received MIBT as APBI due to primary
breast cancer are also available at our Institute [108]. With a median follow-up of 17
years, the combined rate of excellent and good cosmetic results was 82%, the rate of grade
3 late skin toxicity was 0%, and the rate of grade 3 fibrosis was 2%.

Our data show, that 2"“BCT (following a previous BCS and WBI) results in worse late
side effects and cosmetic outcomes compare to BT for primary breast cancer.

However, it is important to note that in our case we are talking about a second course of
BCT, therefore the side effects of the first and second treatment course are summed up.

Furthermore, that in this case the goal is to avoid mutilating surgery.
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Table 8. Cosmetic results and late radiation side effects after second breast-conserving
therapy of 39 patients (Smanyko V, 2019 [62]).

Characteristic n (%)
Cosmetic results
Excellent 4 (10%)
Good 23 (60%)
Fair 6 (15%)
Poor 6 (15%)
Skin side effects
Grade 0 4 (10%)
Grade 1 21 (54%)
Grade 2 11 (28%)
Grade 3 3 (8%)
Fat necrosis
Asymptomatic (Grl) 7 (18%)
Symptomatic (Gr2-4) 0 (0%)
Subcutaneous tissue
(fibrosis)
Grade 0 17 (44%)
Grade 1 12 (31%)
Grade 2 9 (23%)
Grade 3 1 (2%)
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5. Discussion

For a long time, "salvage" mastectomy was the only accepted treatment strategy
for management of an IBTR after BCS and WBI. According to the literature, the average
rate of the 2"/IBTR is close to 10% after SMT (range: 0-22%) [33, 41-55] (Table 1.).
Voogd et al. [33] reported the results of a retrospective study with the largest number of
patients — treated in the 1980's — who underwent sSMT after the diagnosis of an IBTR. The
median follow-up after SMT was 52 months, and 51 out of the 229 patients (22%)
developed a 2"IBTR.

However, since the 1960s, several authors have also published that 2"“BCS is a
viable alternative in selected patients [33, 41-48, 58-61]. The literature addressing this
question suggests that the rate of 2"IBTR after repeated BCS has been reported as high
as 28% (range: 4-50%). The largest series with 2"“BCS used as monotherapy published
by Gentilini et al. [60]. After a median follow-up of 81 months, a 2"IBTR occurred in 47
of 161 patients (29%), and the five-year cumulative incidence of 2"IBTR was 29%.

The largest study directly comparing the two treatment methods was reported by
Salvadori et al. [41]. 2"IBTR were reported in 4 patients out of 133 (3%) after sSMT, and
8 patients of 57 (14%) after repeated wide excision. The five-years incidence of 2"IBTR
was higher in the re-excision group (19%), compared to the SMT group (4%) (p-value not
reported). In Hungary, Fodor and co-workers published their results on this topic [42].
After a median follow-up of 165 months, the incidence of 2"IBTR was 28% (9 of 32
patients) in the 2"'BCS group, and 16% (5 of 32 patients) in the SMT group (p=0.22).
Therefore, based on these investigations, the 2"IBTR ratio is higher after repeated BCS
than after SMT [33, 41-48].

The comparison of these two treatment methods is summarized in Table 1. [62].

Re-irradiation after 2""BCS may decrease the risk of 2"™IBTR [89], but re-
irradiation of the whole remaining breast with an effective dose is considered
inappropriate due to the high risk of serious late side effects. However, the previous
promising results of APBI as part of primary BCT for selected patients has led to a
renewed interest in partial breast re-irradiation in the salvage setting as a means of
improving local tumor control while minimizing the toxicity of a second course of

irradiation.
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Partial breast re-irradiation may be delivered with either an external beam technique or
BT.

The use of EBRT may still be interesting from the point of view of its wide
availability, however particular caution should be exercised with regard to the potential
side effects caused by re-irradiation of the remaining mammary gland, skin, lung, and
heart.

For the first time, Mullen et al. [90] published a study of external beam re-irradiation as
a part of the 2""BCT. Between 1986 and 1993, sixteen patients who had an IBTR after an
initial breast cancer cured by BCS and WBI underwent repeated lumpectomy and 50/2
Gy electron re-irradiation to the operative area. At 75 months follow-up, 4 patients (25%)
had further local failure. There were no severe late sequelae.

A few years later, Deutsch et al. [89] reported the results of thirty-nine women with an
IBTR after previous BCS and WBI who were treated with excision of the recurrent tumor
and 50/2 Gy electron re-irradiation to the operated area. After a median follow-up of 51
months, 2"IBTR occurred in 8 patients (21%). The 5-year overall survival was 78%, and
the rate of an excellent or good cosmetic result was 75%.

In 2019, Arthur et al. presented the results of the RTOG-1014 trial, which evaluated
oncologic outcome and toxicity after a second conservative treatment combining
lumpectomy with 45 Gy tumor bed external beam photon re-irradiation (1.5 Gy twice
daily for 30 fractions, during 15 days), using a 3-dimensional conformal technique. From
fifty-eight patients with a median follow-up of 66 months, 4 patients (6.8%) reported
2"IBTR, representing a 5-year cumulative incidence of 5.2%. The 5-year overall survival
was 95%. Grade 1, 2, and 3 late skin side effects were 25%, 26%, and 7%, respectively.
It should be noted that the median IBTR size was just 10 mm, and the cohort included
40% of DCIS [109]. The outcomes of these studies are summarized in Table 9.

The largest experience and the most abundant literature of re-irradiation after a
2"9BCS is with MIBT carried out by an intraoperative catheter implantation technique
[91, 110-124]. The disadvantage of this approach is that it requires dedicated technical
equipment and experience in order to execute correctly this procedure, because the dose
distribution optimization starts at the time of catheter implantation in the operating room.
Our comparison of the results of these studies are summarized in Table 10. [62].
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Table 9. Results of external beam radiotherapy as re-irradiation after repeated breast-conserving surgery.

25% NR NR NR

Mullen [90] electron 25x2 75 16

Deutsch [89] electron 25x2 51 39 21% NR 78% 75%
Arthur [109] | photon (3D-CRT) | 30x1.5 (BID) 66 58 7% 5% 95% NR
Chen [125] | photon (3D-CRT) | 30x1.5 (BID) 23 34 6% 3%* NR NR

*: 2-year actuarial rate; 2"/IBTR: second ipsilateral breast tumor recurrence, Gy: gray; FUP: follow-up period; 3D-CRT: 3-dimensional

conformal radiotherapy; BID: twice daily fractionation.
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Table 10. Results of brachytherapy as re-irradiation after repeated breast-conserving surgery (Smanyko V, 2019 [62]).

Hannon-Levi JM [110] LDR 1x30; 1x45-50 50 69 16% 25%; 14% 92% NR
LDR 1x30-55
Hannon-Levi JM [111] PDR 49-50/0.6-1* 47 217 4% 6% 89% 85%
HDR 5-10x3.6-4.4
Guix B [112] HDR 12x2.5 89 36 3% 11%° 97%" 94%
Trombetta M [113] HDR 1 10x3.4 40 18 11% NR NR 83%
Chada M [114] LDR 1x30; 1x45 36 15 7% 11%" 100%" 100%
Maulard C [91] LDR 1x30 48 15 26% NR 61% 62%
Resch A [115] PDR 40-50/0,6-1* 59 9 0% 0% 100% 55%
Kauer-Dorner D [116] PDR 50.1/0.6-1* 57 39 5% 7% 87% 37%
Trombetta M [117] LOR x50 38 26 4% NR NR 92%
HDR 10x3.4
Houvenaeghel G [118] LDR 1x45-56 73 62 26% 17% 80% NR
Montagne L [119] LDR 1x30-55
HDR 6.10x3.4 71 143 4% 3%@ 91%@ 85%
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Forster T [120] PDR 49.8-50.4/0.5-0.7*
HDR 39.30 4x3.8.4 66 19 1% 0% 100% NR
Chatzikonstantinou G [121] HDR 8x4 70 20 10% 13% 92% 75%
Cozzi S [122] HDR 10x3.4 or 8x4 61 40 5% 3% 85% 57%
Vavassori A [123] HDR 10x3.4 74 31 10% 10% 87% 100%
LDR 1x30-55
Hannon-Levi JM [124] PDR 49-50/0.6-1* 74 377 4% 3% 87% 80%
HDR 5-10x3.6-4.4
Present study HDR 5x4.4 59 39 10% 6% 81% 70%
Range for all patients 36-89 1175% 0-26% 0-25% 61-100% 37-100%

Gy: gray; FUP: follow-up period; 2"IBTR: second ipsilateral breast tumor recurrence; OS: overall survival; LDR: low-dose-rate; PDR:

pulsed-dose-rate; HDR: high-dose-rate; NR: not reported; §: 10-year actuarial rate; §: patients were treated with intracavitary HDR

brachytherapy using the MammoSite® or the Contura® balloon applicators; *: 3-year actuarial rate; §: total dose/pulse dose; 1: disease-free

survival; #: total number of patients; @: 6-year actuarial rate.
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First, in 1989, Recht et al. [54] reported a patient who refused sSMT following an
IBTR after BCS and WBI, and therefore was treated with wide excision supplemented by
an Iridium-192 implant at the tumor site. The patient died 72 months after the intervention
of intercurrent illness without evidence of further failure.

The first multi-patient study was reported by Maulard et al. in 1995 [91]. He
described the method of treating IBTR by limited tumorectomy and perioperative low-
dose rate (LDR) BT, carried out by intraoperatively implanted plastic tubes with delayed
loading of radioactive Iridium wires. From 1977 to 1990, 15 patients were treated and the
delivered dose was 30 Gy. After a median follow-up of 48 months, 4 patients (26%)
presented with a 2"/IBTR. The 5-year overall survival was 61%. Cosmetic results were
evaluable in 8 patients, with no or minor sequelae in 5 women (62%). It is interesting to
note, that in the same study 23 patients were treated with exclusive split-course BT,
delivering 60-70 Gy by two implants at a one-month interval. After a median follow-up
of 36 months, 4 patients (17%) developed a 2"™IBTR, the overall survival was 50%, and
2 patients underwent a mastectomy due to serious late side effects.

Guix and coworkers performed the study with the longest follow-up [112].
Between 1990 and 2001, 36 women were treated with IBTR by re-excision of the
recurrence tumor and using 30 Gy (12x2.5 Gy) HDR MIBT. After a median follow-up of
89 months, the 10-year 2"IBTR rate was 11%, and the 10-year overall survival rate was
97%. The rate of a good and excellent cosmetic result was 94%.

In 2004, French researchers from Marseilles and Nice published their results from
69 patients with IBTR treated with lumpectomy and LDR MIBT [110]. The prescribed
total dose was 30 Gy or 45-50 Gy. The 5-year local control and overall survival were 77%
and 92%, respectively. Women who treated by a minimum 50 Gy dose of BT to the breast
had better 5-year local tumor control rates than those who treated by <50 Gy (86% Vvs.
75%, p=0.095). Nevertheless, patients who received a cumulative total dose (EBRT plus
BT) >100 Gy had significantly higher rates of grade 2-3 toxicity compared to those who
received <100 Gy (33% vs. 4%, p=0.005). Likewise, women who received >46 Gy dose
of BT had higher rates of grade 2-3 side effect compared to those who received <46 Gy
(36% vs. 14%, p=0.005).

In 2013, the GEC-ESTRO Breast Cancer Working Group presented a
collaborative analysis [111]. In this study, conducted between 2000 and 2010, 217
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patients were treated by MIBT in 8 European oncology centers. The mean total dose of
re-irradiation was 46 Gy (range: 30-55 Gy), 50 Gy (49-50.4 Gy) and 32 Gy (22-36 Gy)
with low-dose-rate (LDR), pulsed-dose-rate (PDR) and high-dose-rate (HDR)
techniques, respectively. With a median follow-up of 47 months, the authors reported the
actuarial 5- and 10-year 2"IBTR rates of 6% and 7%, while the actuarial 5- and 10-year
overall survival rates were 89% and 76%, in the same order. Good to excellent cosmesis
was achieved in 85% of the patients.

Between 2004 and 2012, Trombetta et al. [113] performed a study with 18
patients, in which after a 2"/BCS used a special balloon applicator instead of separate
catheters for repeated BT. This spherical, liquid filled device was inserted into the surgical
cavity at the time of salvage surgery. An HDR radioactive source was passing through
the device via a catheter, while it treated the tumor bed with 1 cm margins. A total dose
of 34 Gy (10x3.4 Gy) was delivered in two fractions per day. After a median follow-up
of 39 months, 2"IBTR was observed in 2 patients (11.1%). The combined rate of
excellent and good cosmetic results was 83%, although one patient had to undergo
mastectomy 9 months after the procedure due to a chronic abscess next to the balloon
applicator.

In 2021, GEC-ESTRO Breast Cancer Working Group made the first propensity
score-matched cohort analysis study on patients who diagnosed by an IBTR between
1995 and 2017 [124]. This retrospective study with the participation of 15 European
cancer centers processed 377 — 377 patients who were treated with 2"'BCS and
perioperative MIBT or sMT. Matching (1:1) was achieved, including 10
clinical/pathologic data related to the IBTR. The median follow-up was 73.8 and 75.4
months. No significant differences were observed between the 2"'BCT and sSMT groups
for 5-year cumulative incidence of 2"IBTR (2.8% vs 2.3%, p=0.4). Overall survival was
86.7% and 87.5% (p=0.7), respectively. According to the Harvard criteria system,
cosmetic results in the 2"“BCT group were acquired from 212 women (56%), and were
rated as excellent or good in 80%. Factors associated with oncological outcomes were
investigated by univariate and multivariate analysis. In multivariate analysis, time
between primary and salvage treatment (<36 months) and IBTR size (=30 mm) were
considered to be prognostic factors for all oncologic outcome items except for 2"IBTR-

free survival. Patient age (<48 years) was a prognostic factor for specific survival. The
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period of salvage surgery (treated before 2002) was a prognostic for disease-free and
metastatic disease-free survival. These results may further help us identify the indications
for 2"“BCT more accurately.

Recently, intraoperative radiotherapy (IORT) has emerged in the literature as a
new therapeutic modality for the treatment of primary breast tumors, with predominantly
negative results. In this technique, a special device is used to deliver a high dose of X-ray
or electron beam to the surgical cavity in a single fraction, immediately after 2"“BCS in
the operating theatre. However, there are only very few studies about IORT in the
management of IBTR, and they have clear weaknesses, such as incoherent patient
selection, short follow-up time, lack of a control group, and very low patient numbers
[126-128]. For the above reasons, this technique will not be discussed in detail.

In 1999, at our institution we introduced the 2"“BCS with re-irradiation using
perioperative HDR MIBT in selected cases for the management of IBTR developed after
a previous breast-conserving operation and WBI. Our early results were reported
elsewhere [129-130]. In this current study, 39 women who were presented with an IBTR
after a previous BCT were salvaged by re-excision and perioperative HDR MIBT. The
data of these women were compared to 156 patients who were salvaged with SMT during
the same period. The 5-year actuarial rate of a 2"IBTR was 6% after 2"9BCT and 18%
after SMT (p=0.22). In the literature, these rates are roughly 8% (range: 0-25%) and 18%
(4-45%), respectively. In the 2"“BCT group, the good-to-excellent cosmesis was achieved
in 70% of the patients. Although our results lag behind the previously mentioned results
of the GEC-ESTRO propensity score-matched study, we attribute this to our more
cautious fractionation scheme. We chose a moderate fractionation because we wanted to
avoid the undesirable late side effects resulting from the re-irradiation. In the first larger
study of re-irradiation with interstitial BT, in which patients were first treated in 1975, the
prescribed doses delivered through the LDR technique were 50 Gy and 30 Gy in
Marseilles and Nice, respectively [110]. Based on our calculations, 22 Gy in 5 fractions
with the HDR technique is equal to 36 Gy with the LDR technique for late side effects (if
the o/B value for breast cancer and late side effects is 4, and the dose rate is 1 Gy/hour)
[78-79].

It should also be noted that, whereas most studies focus on detailed presentations

of salvage surgery, applied doses and methods of RT, only limited information is
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available on the use of adjuvant systemic treatment. As presented in the CALOR study,
women with isolated ER-negative IBTR benefit significantly from adjuvant cytostatic
therapy after salvage surgery, but no benefit of chemotherapy was observed for patients
with ER-positive tumors, compared to endocrine treatment alone [131]. With the use of
the most up-to-date adjuvant systemic therapy, the risks of a 2"/IBTR could probably be
reduced as well.

Interestingly, only a few studies have specifically investigated whether the IBTR
was a true in-field recurrence or a second primary tumor. Molecular biology-based studies
have shown that only 60% of IBTR are clonally related to the original tumor [132]. In the
study of Nishimura et al., the IBTR was classified based on the pathological matching of
the first and second tumors, and patients with a second primary tumor had improved 5-
year rates of overall survival (91% vs. 76%, p=0.063) and distant disease-free survival
(93% vs. 61%, p=0.003) [30]. Another study also found that on the basis of tumor
location, histological type, and immunohistochemical characteristics, patients classified
as having new primary tumor had significantly better 10-year disease-specific and overall
survival rates than those classified as true recurrence, and patients with true recurrence
were more likely to develop distant metastasis after IBTR (42.2% vs. 13.2%, p<0.001)
[31]. These evidences suggests that second primary tumors generally have a better
prognosis than true recurrences and may therefore be more appropriate for a 2"“BCT.

In 2010, GEC-ESTRO proposed a three-group classification to select patients
most suitable for APBI. [99]. In their study, Montagne et al. examined whether the
oncological outcomes of IBTR patients could be influenced by their belonging to an APBI
classification group [119]. Between 2000 and 2016, 143 patients underwent 2"YBCT
treated with lumpectomy and re-irradiation performed by LDR (30-55 Gy) or HDR (28—
34 Gy) MIBT. Sixty (42%), sixty-one (43%), and twenty-two patients (15%) were
classified as low-risk (LR), intermediate-risk (IR), and high-risk (HR), respectively.
Among the six patients who presented a 2"IBTR, 5 belonged to the HR group (4 of them
with positive surgical margin) and 1 was in the IR group. With a median follow-up of 71
months, the 6-year 2"/IBTR-free survival rates for LR, IR, and HR patients were 100%,
96%, and 93%, respectively (p=0.003). No significant differences were found between
the three groups for regional-free, specific, or metastasis-free survival. In univariate

analyses, HR group (p=0.001), positive margins (p<0.001), and lympho-vascular
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invasion (p=0.009) were considered as significant prognostic factors for 2"IBTR. In
multivariate analyses, the HR group (p=0.009) was the only prognostic factor.
In our study, in the 2"BCT group 17 (44%), 11 (28%), and 11 patients (28%) were
classified as LR, IR, and HR. Among the four patients who presented a 2"IBTR, 1
belonged to the LR group and 3 were in the IR group, and the 5-year 2"IBTR-free
survival rates were 100%, 82%, and 100%, respectively. Of course, due to the low number
of patients, these values are not comparable with the results of the above-mentioned study.

Although it is obvious that 2"BCT is clearly associated with a better quality-of-
life and cosmetic result than SMT, some studies have quantified this comparison. Jendrian
et al. investigated differences in psychosocial outcomes among patients who underwent
2"9BCT or sMT after the treatment of IBTR. They found that women after 2""BCT (n=46)
showed significantly better results than women after SMT (n=61) with respect to role
functioning (p=0.043), emotional functioning (p=0.028), social functioning (p=0.016),
and body image (p=0.001) [56].

Nowadays, the increasingly popular oncoplastic surgery could become an
important part of repeated BCT, as the breast is even more mutilated than during primary
conserving surgery; however, it is considered a relative contraindication for RT as the
tumor bed can no longer be accurately identify.

While mastectomy with immediate reconstruction may seem like a promising
salvage treatment, its effect on body image, self-confidence, and quality of life remains
questionable. Patients undergoing mastectomy with immediate reconstruction generally
overestimated how well they would feel at one year later. In the work of Lee et al., these
differences were statistically significant for satisfaction with sexual attractiveness clothed
(p=0.03), sexual attractiveness unclothed (p<0.001), breasts unclothed (p=0.01), and
experienced numbness (p<0.01). Patients who had more pain (p<0.001) or were less
happy (p=0.02) than expected, were more likely to regret their choice of surgery [133].

Although all results discussed above could be valuable in the future as we build
our knowledge concerning the ideal patient selection to treat with 2"“BCT, there is still
no uniformly accepted patient selection criteria system. In 2016, expert panel of the
German Society of Radiation Oncology (DEGRO, Deutsche Gesellschaft fiir
Radioonkologie) presented their guideline, which has suggested selection criteria for a

second breast-conserving approach. Based on this, patients who meet the following
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criteria are found to be the most suitable: an isolated, unifocal, <3 cm local recurrence, a
long interval between the primary treatment and the appearance of IBTR (>48 months),
a patient aged >50 years, and the patient’s strong preference for a 2"“BCT [134]. With
these conditions, MIBT is the recommended method, while external-beam or
intraoperative partial breast re-irradiation is acceptable only in a clinical trial.

The weakness of our study is its retrospective (non-randomized) nature, but it is
practically impossible to organize a prospective randomized trial due to the patients’
reluctance to accept randomization between breast conserving therapy or mastectomy.

The absence of some data could be also considered a limitation. For example,
detailed pathological data from a few cases were not documented in sufficient details,
mainly for patients who suffered their disease in an earlier period. Furthermore,
comorbidities that could have had a competitive effect on clinical outcome (e.g., overall
survival) were not part of this study. For example, regarding radiation-induced heart
disease after RT of the left sided breast cancer, no data are available focusing on a safe
radiation-free interval when considering re-irradiation. However, according to a study,
after the first course of irradiation women already had a 1.77-fold higher risk of dying of
cardiac disease than those who had not received RT [135]. In addition, during the
relatively long period of our study, some diagnostic and therapeutic methods for IBTR
evolved, thus some patients did not benefit from contemporary treatment possibilities
(e.g., repeated SLNB or newer systemic therapies).

Finally, it may be worth noting that the long latency until the IBTR — which
occurred in our study up to 27 years after first BCT — implies that it may be advisable to
extend the follow-up even beyond the usually suggested 5 years.
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6. Conclusions

1.

In 1999, we implemented perioperative BT with intraoperative catheter
implantation for the treatment of recurrent breast tumors.

The evaluation of dosimetric and qualitative data show a similarity to our
previous results of ABPI for primary breast cancer, executed by the
postoperative catheter implantation technique. Since then, this approach has

been routinely used in our clinical work.

Based on the results of our study, the 2"“BCS with perioperative HDR MIBT
results in similar, statistically non-inferior 5-year oncological outcomes for the
management of IBTR, with regard to second local recurrence-free survival,
regional recurrence-free survival, disease-free survival, distant metastasis-free
survival, cancer-specific survival, and overall survival, compared to standard
SMT.

Second BCT is a safe treatment option with a low rate of late side-effects,

yielding excellent or good cosmetic results in the majority of patients, with

better patient satisfaction and quality of life, compared to the SMT.
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7. Summary

Local failure after primary BCT is a challenge for both surgeons and radiation
oncologists to minimize morbidity while maintaining optimal treatment outcomes.

Because the majority of patients have a good prognosis after treatment of early-
discovered IBTR, patient satisfaction and quality of life have become increasingly
important. Although sMT is still currently accepted as a benchmark in cases of IBTR
(whether it is seen as a true recurrence or as a new primary tumor), patients undergoing
sMT may suffer from reduced self-esteem and impaired body self-image, followed by
physical and emotional distress which negatively impact their quality of life. Hence,
second breast preservation is always worth considering, however, 2""BCS alone is
associated with a significantly higher further recurrence rate compared with sMT.
Historically, repeated RT of the breast was contraindicated following a prior WBI due to
concerns about intolerable morbidity with a second course of irradiation.

To our knowledge, this study is the first to directly compare 2""BCT with
perioperative HDR MIBT to sMT in patients who were treated at the same institute and
during the same period. Based on our results and the data published previously by others,
2"9BCS with perioperative HDR MIBT is a feasible and safe option for the management
of IBTR, resulting in equivalent 5-year oncological outcomes compared to standard SMT.
HDR MIBT decreases the risk of a 2"IBTR with low rate of late side-effects and
acceptable cosmetic results.

When choosing between these two salvage strategies, which appear to achieve
similar local control, it should be taken into account the breast size after the primary
conservative surgery (the possibility of preserving a reasonable cosmetic result),
histopathological factors of the recurrent tumor, the patients’ age, the time since first
treatment, and the skin-related consequences of the first course of irradiation. A close
interdisciplinary collaboration between the radiation oncology and surgical communities
Is required to maximize patient care. Finally, the patient’s request remains crucial after
detailed information about the benefits and risks of each salvage treatment.

Although there is no currently available phase Il non-inferiority study available,
there is growing evidence that 2"/BCT is safe and has excellent local control, overall

survival, cosmesis, and patient satisfaction.
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Bevezetés és célkitiizés: Masodik emlémegtartd miitét és nagy dézisteljesitmény szovetkozi sugirkezelés eredménye-
inek bemutatdsa azonos oldali emlédaganat kiGjulasa miatt kezelt betegeknél.

Modszer: Korai invaziv eml6rik elézetes emlémegtartd kezelése utdn jelentkezd helyi daganatkitjulas miatt 1999 és
2015 kozott 33 betegnél végeztiink masodik emlémegtarté miitétet perioperativ szovetkozi sugarkezeléssel. A ma-
sodik eml@megtarté mitét sordn a tumordgyba dtlagosan 8 (tartomany: 4-24) darab flexibilis katétert iiltettiink be.
A perioperativ id6szakban a tumoragy és annak 1-2 cm-es biztonsigi z6najanak teriiletére adott 6sszdo6zis 22 Gy volt
(5 x 4,4 Gy, 3 nap alatt). Adjuvins szisztémds kezelésként 24 beteg (73%) egyediili endokrin kezelésben, 6 beteg
(18%) pedig kemoterapidban részesiilt. A talélési eredményeket a Kaplan—-Meier-médszerrel elemeztiik. A kés6i mel-
lékhatdsokat és a kozmetikai eredményeket feljegyeztiik.

Eredmények: A masodik emlémegtartd kezeléstdl szamitott kovetési id6 kozépértéke 61 hoénap (tartomdny: 26-189
hénap) volt. A kovetési id§ alatt 4 betegnél (12,1%) alakult ki masodik lokdlis recidiva. A mdsodik helyi daganatkitju-
14s, a regiondlis daganatkitjulds és a tavoli attétképzEdés Gtéves valoszinlisége 6,3%, 6,1% és 14,9% volt, azonos sor-
rendben. Az 6téves betegségmentes, daganatspecifikus és teljes talélés 76,2%, 92,4% és 89,2% volt. Kivalo, jo, meg-
feleld és rossz kozmetikai eredményt 4 (12%), 19 (58%), 4 (12%) és 6 (18%) betegnél allapitottunk meg. Grade 2-es
és 3-as fibrosis 9 (27%) és 1 (3%) betegnél alakult ki. Tiinetmentes zsirnekrozist 7 (21%) betegnél figyeltiink meg.
Kovetkeztetés: A masodik eml6megtarté miitét perioperativ szovetkozi sugirkezeléssel biztonsagos lehet8ség az em-
16daganat helyi kitjulasinak kezelésére. A szovetkozi sugirkezelés elfogadhaté kozmetikai eredmények és kevés késdi
mellékhatds mellett csokkentheti a misodik lokalis kigjulds valoszintiségét, igy valogatott esetekben a standard mas-
tectomiat helyettesitheti.

Orv Hetil. 2018; 159(11): 430—438.
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Second breast conserving surgery and interstitial radiotherapy for the treatment
of breast tumor local recurrences

Five-year results

Introduction and aim: To report the clinical outcomes of second breast-conserving therapy with perioperative inter-
stitial radiotherapy for the treatment of ipsilateral breast tumor recurrences.

Method: Between 1999 and 2015, 33 patients, presenting with an ipsilateral breast tumor recurrence after previous
breast conserving therapy, were salvaged by re-excision and perioperative high-dose-rate interstitial brachytherapy.
A median of 8 (range: 4-24) catheters were implanted into the tumor bed intraoperatively. A total dose of 22 Gy in
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5 fractions of 4.4 Gy was delivered to the tumor bed with a margin of 1-2 c¢m, on 3 consecutive days. The adjuvant
systemic treatments consisted of hormonal therapy for 24 patients (73%) and chemotherapy for 6 patients (18%). The
survival results were estimated by the Kaplan—Meier method. Late side effects and cosmetic results were also regis-
tered.

Results: The median follow-up time following the second breast conserving therapy was 61 months (range: 26-189
months). During the follow-up, 4 patients (12.1%) developed second local recurrence. The five-year actuarial rates
of the second local, regional and distant recurrence were 6.3%, 6.1%, and 14.9%, respectively. The five-year probabil-
ities of disease-free, cancer-specific and overall survival were 76.2%, 92.4%, and 89.2%, respectively. Four (12%), 19
(58%), 4 (12%) and 6 (18%) patients had excellent, good, fair and poor cosmetic results, respectively. Grade 2 and 3
fibrosis developed in 9 (27%) and 1 (3%) patients. Asymptomatic fat necrosis was detected in 7 (21%) women.
Conclusion: Second breast conserving therapy with perioperative high-dose-rate interstitial brachytherapy is a safe and
feasible option for the management of ipsilateral breast tumor recurrences. Interstitial brachytherapy may decrease
the risk of second local relapse with acceptable cosmetic results and low rate of late side effects. Hence, in selected
cases it can provide a feasible alternative to salvage mastectomy.

Keywords: breast cancer, local recurrence, second breast conserving surgery, radiotherapy, brachytherapy
Smanyké V, Mésziros N, ijhelyi M, Frohlich G, Stelczer G, Major T, Mitrai Z, Polgar Cs. [Second breast conserv-

ing surgery and interstitial radiotherapy for the treatment of breast tumor local recurrences. Five-year results]. Orv
Hetil. 2018; 159(11): 430—438.
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Roviditések

DCIS = ductalis carcinoma #z situ; DEGRO = (Deutsche Ge-
sellschaft fiir Radioonkologie) Német Onkoradiol6giai Tdrsa-
sig; EMT = emlémegtarté terdpia; ER = osztrogénreceptor;
GEC-ESTRO = (Groupe Européen de Curiethérapie — Eu-
ropean Society for Radiotherapy and Oncology) az Eurdpai
Brachytherapids Téarsasig Eml&rak Munkacsoportja; Gy = gray;
HDR = (high-dose-rate) nagy dézisteljesitmény(i; IDC = inva-
ziv ductalis carcinoma; ILC = invaziv lobularis carcinoma;
LDR = (low-dose-rate) alacsony dozisteljesitmény(; LR = lo-
kilis recidiva; MASZT = mastectomia; NA = nincs adat; OS =
(overall survival) teljes talélés; PDR = (pulsed-dose-rate) pul-
zal6 dézisteljesitményt; PR = progeszteronreceptor; RTOG/
EORTC = (Radiation Therapy Oncology Group/European
Organization for Research and Treatment of Cancer) az Euré-
pai Rikkutato és Rikkezelési Szovetség Sugdrterapids Onkolo-
giai Munkacsoportja

Az emlbrik a leggyakoribb ndi daganatos betegség.
2012-ben vilagszerte 1,67 millié Gj esetet regisztraltak,
ami az Osszes Uj daganatos betegség 25,1%-at adta [1].
A Nemzeti Rakregiszter adatai szerint Magyarorszagon
2014-ben 8049 1) megbetegedést jelentettek be [2].
A korai stidiuma eml6rik dltalinosan elfogadott kezelé-
se az emlémegtartdé mitét és a maradék emld posztope-
rativ besugarzdsa [3-5]. A megfelel§ ellatas ellenére az
azonos oldali lokalis recidiva (LR) aranya 10 év utin
8-11% koriil van [6, 7]. Ezen esetekben a ,,salvage” mas-
tectomia a standard kezelés, de a paciensek részérdl fel-
meriil az igény egy jobb életmindséggel és jobb kozme-
tikai eredménnyel jaré masodik emlémegtartd terdpia

irdint. Az irodalmi adatok szerint ,,salvage” mastectomia
utin a masodik helyi kiGjulas valészintisége megkozelits-
leg 10% (tartomany: 3-22%) [8-23]. Ugyanez az arany
ismételt emlSmegtarté mitét utin 26% (tartomany:
4-50%) [8-16, 24-27]. A maradék eml§ ismételt besu-
garzasaval csokkenthetd lenne a mdsodik lokdlis kitjulds
ardnya, de a teljes eml6 reirradidciéjat nem ajanljik a sa-
lyos kés6i mellékhatdsok magas kockdzata miatt. Valoga-
tott esetekben a szovetkozi multikatéteres sugarkezelés-
sel (brachytherapiaval) végzett egyediili részleges emls-
besugarzas eredményessége mar bizonyitott [28-30]. Ez
a technika lehet8séget biztosit arra, hogy csak a tumor-
agy tertiletére korlatozva tovabbi besugirzast adhassunk
le, a kornyezd egészséges szovetek megkimélésével.

Vizsgalatunk célja az el6zetes emlémegtarté kezelés
utdn kialakult azonos oldali emlérak-recidivak kezelé-
sében az ismételt emlémegtartdé mitét és a perioperativ
nagy dézisteljesitményl (high-dose-rate, HDR) sz6-
vetkozi sugirkezelés hatékonysiginak meghatirozasa
volt.

Moébdszer

1999 marciusa és 2015 maérciusa kozott 33, korabban
primer emlStumor miatt konzervativ mitéttel és telje-
semlG-besugirzissal ellitott betegnél végeztiink azonos
oldali eml&recidiva miatt masodik emlémegtarté miité-
tet intraoperativ katéterbetiltetéssel és perioperativ szo-
vetkozi sugiarkezelést. A betegek masodik emlEmegtartd
kezelését a kovetkezd feltételek egyidejd fennalldsa ese-
tén végeztiik el: izoldlt, egygdctr, azonos oldali emldreci-
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diva, klinikai és mammografids vizsgalattal <3 cm-es tu-
morméret, a bdrfelszintsl legalibb 2 cm tavolsigra
elhelyezked§ kitjulds, a beteg hatirozott preferencija
az ismételt emlémegtarté mitét iranyiban. Kizird ok
volt az egyideji regiondlis vagy tavoli attét jelenléte, il-
letve a multifokalis /multicentrikus lokdlis recidiva.

Az cls6dleges emldrak ellitisa minden betegnél széles
excizi6 és hénalji blokkdissectio vagy Srszemnyirokcso-
mo-biopszia volt. A posztoperativ sugirkezelés soran a
maradék eml6 46-50 Gy dézisa fotonirradidciéjit tan-

gencidlis mez8kbdl végeztiik, konvenciondlis frakciond-
lassal (2 Gy/nap, 5 frakci6/hét). Tizenkét beteg 4-16
Gy dézist kiegészit6 tumorigy ,,boost” besugirzisban
is részesiilt. Adjuvans kemoterdpiaban 4 beteg (12%),
hormonkezelésben 12 beteg (36,5%), mig kemo- és hor-
monterdpidban 5 beteg (15%) részestilt. A betegek és a
daganatok patolégiai jellemz&it az elsé mitét, illetve a
masodik emlémegtarté mtitét idején az 1. és a 2. tabla-
zatban foglaltuk Gssze.

1. tiblazat A betegek és a daganatok patolégiai jellemz6i az els§ emlémeg- 2. tiblazat A betegek és a daganatok patoldgiai jellemzdi a kitjult daganat
tart6 kezeléskor kezelésekor
Jellemz&k n=33 Jellemzdk n=33

Atlagos életkor (tartomany) 52 év (33-72)

Atlagos életkor (tartomany)

63 év (37-78)

Premenopauza 11 (33%) Premenopauza 3 (9%)
Tumorméret (tartomany) 16 mm (4—40) Tumorméret (tartomdany) 16 mm (2-70)
Szdvettani tipus A recidivaig eltelt dtlagos id§ (tartomdny) 125 hénap (36-258)
IDC 24 (73%) A recidiva lokalizici6ja

1LC 2 (6%) Tumoragy-recidiva 18 (55%)
Egyéb invaziv 4 (12%) Tumorigyhoz kozeli recidiva 5 (15%)
Ismeretlen 3 (9%) Tumoragyon kiviili recidiva 9 (27%)
Szovettani fokozat Ismeretlen 1 (3%)
Grade 1 7 (21%) Szdvettani tipus

Grade 2 15 (46%) IDC 28 (87%)
Grade 3 8 (24%) ILC 2 (6%)
Ismeretlen 3 (9%) Egyéb invaziv 2 (6%)
pTNM-status DCIS 1 (1%)
pT1 pNO 15 (46%) Szévettani fokozat

pT2 pNO 2 (6%) Grade 1 7 (21%)
pT1 pNlmi 1 (3%) Grade 2 9 (27%)
pTl pNla 6 (18%) Grade 3 16 (49%)
pT2 pNla 4 (12%) Ismeretlen 1(3%)
Ismeretlen 5 (15%) Sebészi szél

Sebészi sz¢l Pozitiv 0
Pozitiv 15 (46%) Negativ 32.(97%)
Negativ 1 (3%) Ismeretlen 1 (3%)
Ismeretlen 17 (51%) Hormonreceptor-status

Hormonreceptor-status ER+, PR+ 20 (61%)
ER+, PR+ 11 (33%) ER+, PR~ 6 (18%)
ER+, PR~ 2 (6%) ER-, PR+ 1 (3%)
ER-, PR+ 0 ER-, PR~ 4 (12%)
ER-, PR~ 4 (12%) Ismeretlen 2 (6%)
Ismeretlen 16 (49%)

ER = gsztrogénreceptor; IDC = invaziv ductalis carcinoma; ILC = in-
vaziv lobularis carcinoma; PR = progeszteronreceptor

DCIS = ductalis carcinoma iz situ; ER = 6sztrogénreceptor; IDC =
invaziv ductalis carcinoma; ILC = invaziv lobularis carcinoma; PR =

progeszteronreceptor
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2. abra | Daganatspecifikus tulélés, teljes talélés és betegségmentes thilélés a masodik emlémegtart6 kezelés utin

A misodik eml6megtartd kezelés sordn a koribban as-
piracids citologiaval vagy vastagti-mintavétellel igazolt
LR széles kimetszését altalinos érzéstelenitésben végez-
tik. A md@tét soran a tumoragyat 6 darab titaniumklippel
jeloltiik, azutin a nyitott mitéti tireg mellett a sebiireg
méretétdl fiiggben 1-5 sikban (atlag: 2), 4-24 darab (at-
lag: 8) egymassal pirhuzamos vezet6tiit szartunk a tu-
mordgyba, majd helyiikre miianyag flexibilis utintolthe-
t6 katétereket vezettiink be. A fémtrokarok eltdvolitisa
utan a katéterek végeit a bérfelszinen miianyag gombok-

kal rogzitettiik, amit a sebiireg zirasa kovetett. A maso-
dik-negyedik posztoperativ napon a besugarzastervezés-
hez izocentrikus rontgenfelvételeket vagy CT-vizsgilatot
készitettiink az implantilt emlérél. Céltérfogatként a
tumordagyat és annak biztonsigi zéndjat (20 mm minusz
a tér hat irdinyaban megadott ép sebészi szélek) konta-
roztuk be gy, hogy a pectoralis izmokat és a b&rfelszin
alatti 5 mm vastagsdgu teriileteket kihagytuk.

Egy paciensnél a mdtéti specimenre valé rametszés
miatt pontos mikroszkopikus sebészi sz¢él nem volt meg-

ORVOSI HETILAP

2018 m 159. évfolyam, 11. szam



adhat6, igy a maximdlis 20 mm-es biztonsagi margot al-
kalmaztuk.

A szamitégépes besugarzastervezés soran a katétere-
ken belili aktiv forraspozicidkat tgy hatiroztuk meg,
hogy a déziseloszlas minél homogénebb legyen, a dézis-
feltilet pedig minél jobban illeszkedjen a céltérfogat alak-
jahoz. A kezelést a m@tét utin 48-72 éraval inditottuk,
és HDR utantoltéses (,,afterloading”) besugirzokészii-
lékkel végeztiik. Az el6irt 22 Gy 6sszdoézist 5 frakcidban,
4.4 Gy frakciddozisokkal, 3 egymdst kovetd nap alatt
szolgaltattuk ki, napi kétszeri besugirzassal, a kezelések
kozott legalabb 6 6ra sziinetet tartva. A céltérfogat atla-
gosan 60 ¢cm? volt (tartomany: 21-130 cm?). Az utols6é
frakcié utin a katétereket eltivolitottuk, és a betegeket
néhiny 6ras megfigyelés utin otthonukba bocsitottuk.
Adjuvins szisztémas kezelésként a betegek tObbsége
(73%) egyediili endokrin kezelésben részesiilt, kemote-
rapiat 6 beteg (18%) kapott. Harom betegnél (9%) az
elérehaladott  életkor, hormonreceptor-negativ status
vagy a citosztatikus szisztémas kezelés elutasitisa miatt
nem tortént tovabbi adjuvans elldtis.

Az els6 és a masodik emlérik végleges szovettani tipu-
sa 27 betegnél (82%) volt azonos, 3 betegnél (9%) kii-
16nb6z8, tovabbi 3 betegnél (9%) pedig pontosan nem
meghatarozhaté viszonyu.

A betegeket az els6 két évben hiromhavonta, az 6t6-
dik évig félévente, majd évente hivtuk vissza kontroll-
vizsgilatra. Mammogrifids és emlGultrahang-vizsgalatot
évente végeztiink. A kozmetikai eredményeket a Har-
vard-beosztas [31], a kés6i melléhatisokat az Eurdpai
Rakkutat6 és Rakkezelési Szovetség Sugdrterapids On-
kolégiai Munkacsoportjainak (RTOG/EORTC, Radia-
tion Therapy Oncology Group/European Organization
for Research and Treatment of Cancer) osztilyozasi
rendszere [32] alapjan értékeltiik. A kovetési id6t a ma-
sodik emlémegtarté miitét napjitdl szimitottuk. A tal-
élési eredmények otéves valdszintiségét a Kaplan—Meier-
modszerrel [33]  szdmitottuk ki. A statisztikai
feldolgozishoz a STATISTICA 12 (StatSoft Inc., Palo
Alto, CA, USA) programot hasznaltuk.

Eredmények

A 61 hoénapos median kovetési id6 (tartomany: 26-189
hoénap) alatt négy esetben (12,1%) alakult ki az azonos
oldali eml6ben masodik lokalis recidiva. A masodik helyi
daganatkigjulas otéves valdszintisége eml6megtartds és
reirradidcié utan 6,3% volt (1. abra). A masodik lokdlis
recidiva kialakuldsa utin 3 betegnél végeztiink komplet-
talé mastectomiat, igy a mastectomiamentes talélés 91%
volt. Egy betegnél a masodik lokilis recidiva felfedezése
elétt tavoli 4ttéteket mutattak ki, ezért ismételt mitét
nem tortént. Azonos oldali axillaris metasztazis megjele-
nését 2 betegnél (6,1%) észleltiik. Az 6téves regionaliski-
Gjulds-mentes talélés 93,9% volt (1. dbra). Osszesen 8
beteg (24,2%), a masodik emlémegtarté miitétet kovetd
19-89. hénapban kialakult tavoli attét kovetkeztében a

3. tablazat

Kozmetikai eredmények és kés6i mellékhatisok a masodik eml6-
megtart6 kezelés utin

Kozmetikai eredmény n (%)

Kivélo 4 (12%)
J6 19 (58%)
Megfeleld 4 (12%)
Rossz 6 (18%)
Bdérmellékhatds

Grade 0 2 (6%)
Grade 1 17 (52%)
Grade 2 11 (33%)
Grade 3 3 (9%)
Zsirnekrozis

Tinetmentes 7 (21%)
Tiinettel jaro 0 (0%)
Fibrosis

Grade 0 11 (33%)
Grade 1 12 (37%)
Grade 2 9 (27%)
Grade 3 1 (3%)

kovetés 29-165. honapja kozott elhaldlozott. Az 6téves
tavolidttét-mentes talélés 75,1% volt (1. dbra). Az otéves
betegségmentes talélés 76,2%, a daganatspecifikus tal-
¢é1és 92.,4%, a teljes talélés 89,2% volt (2. dbra).

Masodik primer tumor 3 betegnél (9%) alakult ki: egy
vastagbélrik, egy veserdk és egy tiid6rak; a kovetés 168.,
106., illetve 105. hénapjiban. Ellenoldali emlérik a ko-
vetési id6 alatt 1 betegnél (3%) jelentkezett. A kozmeti-
kai eredményeket és a kés6i mellékhatdsokat a 3. tdbldi-
zatban foglaltuk Ossze. A kivalo és jo kozmetikai
eredmények egyiittes aranya 70% volt. Sulyos foka
(Grade 3) bérmellékhatas 3 (9%), fibrosis pedig 1 (3%)
betegnél alakult ki. Panaszt okozé (szimptomatikus)
zsirnekrézis nem fordult elé. Ismételt miitéti beavatko-
zast igényld (Grade 4) mellékhatis (fibrosis, bor- vagy
zsirnekroézis) egy esetben sem alakult ki.

Megbeszélés

Hosszt id6n keresztiil az 4n. ,,salvage” mastectomia volt
az egyetlen elfogadott kezelés az eml6megtartd miitétet
és posztoperativ teljesemlS-besugarzast kovetSen kiala-
kult lokalis emlédaganat-kigjulisok kezelésére [8-16,
22,23]. Az 1990-es évektdl azonban egyre tobb munka-
csoport szamolt be a masodik emlémegtarté matéttel
elért eredményeirdl [24-27] (4. tdablizat). Hazinkban
Fodor és misai [9] kozolték a mdsodik emlémegtartd
mitéttel vagy mastectomidval kezelt betegek klinikai
eredményeinek Osszehasonlitisat, amelyben a masodik
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4. tiblazat

A masodik emlémegtarté mitét (sugirkezelés nélkiil) és a ,,salvage” mastectomia eredményeinek 6sszehasonlitisa

Szerzé Medidn kovetési Betegszam 2. LR (%) Otéves LR (%) Otéves OS (%)
id6 (honap) 1> MM MAST | 2 EMM  MAST | 2.EMM  MAST | 2.EMM  MAST
Salvadori B [8] 73 57 133 14% 3% 19% 4% 85% 70%
Fodor J [9] 165 32 32 28% 16% NA NA NA NA
Dalberg K[10] 72 14 65 50% 18% 33% 12% NA NA
Voogd AC [11] 52 20 229 40% 22% NA NA NA NA
Alpert TE [12] 165 30 116 7% 7% NA NA 58%* 66%*
Komoike Y [13] 43 30 11 30% 0% 37%t 0% 90%! 91%!
Abner AL [14] 39 16 123 31% 6% NA NA NA 79%
van der Sangen MJ [15] NA 8 89 50% 11% NA NA NA NA
Kurtz JM [16] 35 34 36 9% 3% 22% 4% NA NA
Kurtz JM [24] 72 52 - 23% - 21% - 79% -
Kurtz JM [25] 51 50 - 32% - 38% - 67% -
Gentilini O [26] 81 161 - 49% - 29% - 84% -
Ishitobi M [27] 40 78 - 22% - 21% - NA -
Doyle T [17] 44 - 112 - 3% - NA - 86%
Beard HR [18] 55 - 59 - 12% - NA - NA
Botteri E [19] 60 - 121 - 15% - NA - 73%
Lindford AJ [20] 66 - 60 - 10% - NA - 93%
Tanabe M [21] 55 - 118 - 9% - 9% - NA
Recht A [22] 32 - 65 - 8% - 37% - NA
Osborne MP [23] 28 - 46 - 15% - 45% - 76%
Osszes vizsgalat 28-165 582 1415 26,1% 9,9% 19-38% 0-45% 58-90% 66-93%

2. EMM = misodik eml6megtarté m{itét; 2. LR = masodik lokdlis recidiva; MAST = mastectomia; NA = nincs adat; OS = teljes tdlélés; Tharoméves

lokdlis recidiva és teljes talélés; *tizéves teljes talélés

LR-ek aranya 28% és 16% volt, azonos sorrendben. A
vizsgilatok alapjan az ismételt szervmegtartd miitét utin
a masodik LR aranya magasabb volt, mint ,salvage”
mastectomia utan [8-16].

Bar a masodik emlémegtarté mitét utin végzett is-
mételt besugirzas csokkentheti a masodik lokalis kitjulds
gyakorisigat, a teljes eml reirradidciéjit nem ajanljdk a
késSi radiogén mellékhatisok magas kockazata miatt.
Maisodik emlémegtarté terdpia részeként kiilsé besugar-
zassal végzett reirradiacié eredményeit Deuntsch és mtsai
[34] kozolték. Vizsgilatukban 39 reexcizion atesett be-
tegnél 50 Gy doézisa clektronbesugirzist adtak csak a
tumoragy teriiletére. Masodik lokalis kitjulds 51,5 héna-
pos medidn kovetési id6 alatt 8 betegnél (20,5%) alakult
ki, a kivalé és j6 kozmetikai eredmények egytittes ardnya
75%, mig az 6téves teljes talélés 77,9% volt.

Az ismételt emlémegtarté mitét utani reirradiacié té-
midjiban a legtobb kozlemény a szovetkozi sugirkezelés
moédszerének alkalmazdsaval sziiletett [35—44]. Ezen
vizsgalatok eredményeit az 5. tablazatban foglaltuk osz-
sze. Els6ként, 1989-ben Recht és mesai [22] szamoltak
be egy betegrdl, aki kordbbi emlémegtarté mtitétet és
teljesemlS-besugdrzast kdvetSen kialakult LR mellett el-
utasitotta a mastectomiat, ezért széles excizioban és iri-

dium sugarforrassal végzett implantacidéban részesiilt. A
paciens 72 hénappal a beavatkozas utin daganatmente-
sen halt meg. Két francia munkacsoport 2004-ben ko-
201t k6z0s eredményeket 69 betegrdl, akik masodik em-
I6megtarté mttét utin alacsony doézisteljesitményd
(low-dose-rate, LDR-) technikdval kaptak szovetkozi
sugarkezelést, intézetenként eltéré 30 Gy vagy 45-50
Gy dézisban [35]. Az o6téves miasodik lokalisrecidiva-
mentes talélés nem szignifikins mértékben, de maga-
sabb volt azoknil a betegeknél, akik legalibb 50 Gy dé-
zist szovetkozi sugirkezelést kaptak, mint azoknal, akik
50 Gy-nél kisebb dézist ismételt besugirzasban része-
siiltek (85,5% versus 74,4%; p = 0,095). Ugyanakkor a
Grade 2-3-as mellékhatdsok ardnya szignifikinsan maga-
sabb volt, amennyiben a kiils6 és a szovetkozi sugarkeze-
lések Osszegzett dozisa meghaladta a 100 Gy-t, mint
ahol ennél kevesebb volt (32,5% versus 4%; p = 0,005).
Szintén tobb volt a stlyosabb mellékhatis abban az eset-
ben, ha a szovetkozi sugirkezeléssel leadott dozis meg-
haladta a 46 Gy-t (36% versus 13,6%; p = 0,007).

A legnagyobb betegszamt multicentrikus vizsgalatot
az Eurdpai Brachytherapids Tarsasig (GEC-ESTRO,
Groupe Européen de Curiethérapie — European Society
for Radiotherapy and Oncology) Eml6rak Munkacso-
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5. tablazat A masodik emlémegtarté mitét és a szovetkozi sugirkezeléssel végzett reirradiacié eredményei
Szerz6 Doézis-  Frakciészam x dézis Medidn kéve-  Betegszim 2. LR (%) Otéves LR Otéves OS Kivilo és jo
teljesit- (Gy) tési id§ (%) (%) kozmetikai
mény (hoénap) eredmények (%)
Hannoun-Levi JM [35] LDR  1x30;1x45-50 50 69 15,9% 25%; 14% 91,8% NA
Chadha M [39] LDR 1x30;1x45 36 15 6,7% 11%* 100%* 100%
Maulard C [40] LDR 1x30 40 15 26,7% NA 61% 16%
Resch A [41] PDR 40-50,/0,6-1% 59 9 0% 0% 100%" 55%
Kauer-Dorner D [42] PDR 50,1/0,6-1% 57 39 5,1% 7% 87% 37%
Guix B [37] HDR 12 x2,5 89 36 2,7% 10,6% 96,7%" 94%
Trombetta M [43] LDR 1 x 45-50 38 26 3,8% NA NA 92%
HDR 10 x 3,4
Hannoun-Levi JM [36] LDR 1 x 30-55 47 217 4,1% 5,6% 88,7% 85%
PDR 49-50,/0,6-1%
HDR 5-10 x 3,64,4
Houvenaeghel G [44] LDR 1 x 45-56 73 62 25,8% 17% 80% NA
Trombetta M [38] HDR# 10 x 3,4 40 18 11,1% NA NA 83%
A jelen vizsgalat HDR 5x44 61 33 12,1 6,3% 89,2% 70%
Osszes vizggdlnt 36-89 539 10,4% 5,6-25% 61-100% 16-100%

2. LR = masodik lokalis recidiva; Gy = gray; HDR = magas dozisteljesitmény (high-dose-rate); LDR = alacsony dézisteljesitmény (low-dose-rate);
NA = nincs adat; OS = teljes talélés; PDR = pulzilé dézisteljesitmény (pulsed-dose-rate); *iiregi HDR-technikdval kezelt betegek MammoSite®
vagy Contura® ballon-applikatorral; *haroméves lokilis recidiva és teljes talélés; Tbetegségspecifikus talélés; ¥6sszddzis/egyszeri pulzus dozisa;

Stizéves lokdlis recidiva és teljes talélés

portja kozolte 2013-ban [36]. A tanulmany 217 azonos
oldali lokalis kigjulas miatt 2000 és 2010 k6zott masodik
emlémegtarté mitéttel és multikatéteres szovetkozi su-
garkezeléssel ellatott beteg adatait dolgozta fel nyolc eu-
ropai intézet kozremiikodésével. A reirradidcié doézisa-
nak kozépértéke LDR- és pulzilé doézisteljesitményd
(pulsed-dose-rate, PDR-) technika esetén 46 Gy (tarto-
miany: 30-55 Gy) és 50,4 Gy (tartomdny: 49-50 Gy),
mig HDR-technika alkalmazasakor 32 Gy (tartomany:
22-36 Gy) volt. Negyvenhét honap mediin kovetési id6
utian a masodik lokalis kitjulds ot- és tizéves valoszindisé-
ge 5,6% és 7,2% volt, azonos sorrendben. Az 6t- és tiz-
éves teljes talélés egyenként 88,7% és 76,4% volt. A koz-
metikai eredmény 85%-ban kival6 vagy jé volt.

A leghosszabb kovetési idGvel rendelkezd vizsgalatot
Guix és mtsai [37] végezték: 1990 és 2001 kozott 36
betegnél alkalmaztak izoldlt emlGrecidiva miatt masodik
lumpectomiat és 30 Gy (12 x 2,5 Gy) dézisa HDR sz6-
vetkozi sugarkezelést. Nyolcvankilenc hénap median ko-
vetési id6 utdn a masodik lokdlis kigjulds tizéves valdszi-
ntisége 10,6%, a tizéves teljes talélés 96,7% volt. A kivald
és j6 kozmetikai eredmények egyiittes arinya 94% volt.

Intézetiinkben 1999-ben vezettiik be a misodik em-
l6megtarté mitéttel kombinalt intraoperativ eml6Stiizde-
lést és perioperativ HDR szovetkozi sugarkezelést az
azonos oldali emldrecidivik vilogatott eseteinek kezelé-
sére. Korai eredményeinket az el6z6ekben mas folydira-
tokban kozoltik [45, 46]. Jelen vizsgilatunkban 33 be-
tegnél végeztiink el6zetes emlémegtartdé matét és
posztoperativ kiils¢ besugirzas utin kialakult LR miatt

reexciziét, intraoperativ tumoragyttizdelést és periopera-
tiv HDR szovetkozi sugirkezelést. Az 6téves masodik
lokdliskitjulds-mentes talélés 93,7%, a teljes talélés
89,2%, a kivald és j6 kozmetikai eredmények egytittes
aranya 70% volt. Eredményeink hasonléak az irodalom-
ban ko6zolt korabbi tanulmanyok eredményeihez.

Vizsgilatunk gyenge pontja annak retrospektiv (nem
randomizalt) jellege, de a ,salvage” mastectomia és a
miésodik emlémegtartd kezelés eredményességét Ossze-
hasonlité prospektiv randomizdlt vizsgalat kivitelezése a
gyakorlatban nem lehetséges, mivel a bevalasztasra alkal-
mas betegek emlémegtartd miitét irdnti preferencidja a
gatjat képezi a véletlen besoroldsnak.

A Német Onkoradiolégiai Tarsasig (DEGRO,
Deutsche Gesellschaft fiir Radioonkologie) 2016-ben
megjelent gyakorlati irdnyelvei alapjian az alabbi bevi-
lasztasi kritériumok esetén javasoljik az azonos oldali
eml&recidiva kombindlt szervmegtarté kezelését: izolalt,
unicentrikus, 3 cm-nél kisebb recidiva; 50 évnél idésebb
életkor; 48 hoénapnal hosszabb 1d6 a primer és a kigjult
daganat kozott; illetve a beteg kifejezett preferencidja az
eml6megtartds irdnt [47]. Ezen feltételek teljesiilése
mellett sugdrterdpias technikaként a legtobb tapasztala-
tot adé multikatéteres szovetkozi besugarzast ajanljik,
mig az ismételt parcidlis kiils§ besugarzast vagy az intra-
operativ radioterdpidt csak klinikai vizsgilat keretében
tartjik elfogadhatonak.

A GEC-ESTRO Emlérik Munkacsoportja jelenleg is
dolgozik a ,salvage” mastectomia és a szovetkozi sugar-
kezeléssel egylitt végzett masodik emlémegtarté mitét
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eredményességét dsszehasonlitd retrospektiv adatbazisa-
nak frissitésén, immar 14 centrum kozremikodésével,
amelyben az Orsziagos Onkoldgiai Intézetben miikods
Eml6rik Munkacsoportunk is részt vesz. Ezek az Ossze-
sitett eredmények tovabbi segitséget nyajthatnak majd
az ismételt emlémegtartd kezelés indikiciés korének
pontosabb meghatarozasihoz.

Kovetkeztetés

A jelen vizsgalat eredményei és a korabban kozlésre ke-
rilt irodalmi adatok alapjian a masodik emlémegtartéd
mitét perioperativ szovetkozi sugiarkezeléssel (brachy-
therapidval) biztonsagos lehet6séget kindl az eml6daga-
nat lokdlis kitjuldsanak kezelésére, hasonld 6téves onko-
l6giai eredményeket biztositva, mint a standard ,,salvage”
mastectomia. A szovetkozi sugirkezelés elfogadhatéd
kozmetikai eredmények és kevés kés6i mellékhatas mel-
lett csokkentheti a masodik lokalis kitjulds valészintisé-
gét. A jovében tovabbi, nagyobb betegszamu vizsgila-
tok sziikségesek, hogy meghatirozhassuk a masodik
eml6megtart kezelés pontos klinikai értékét a ,,salvage”
mastectomiaval szemben.

Anyagi tamogatdas: A kozlemény megirdsa, illetve a kap-
csol6dd kutatémunka soran a szerz6k anyagi timogatas-
ban nem részestiltek.

Szerzoi munkamegosztas: S. V.: Adatfeldolgozas, a nem-
zetkozi irodalom attekintése, a kézirat elkészitése. M. N.:
Intraoperativ katéterimplantacid, a sugirkezelés kivitele-
zése. U. M.: Adatfeldolgozés. F. G.: Besugdrzistervezés,
statisztikai elemzés. S. G., M. T.: Besugirzastervezés.
M. Z.: Az eml6megtarté mitétek elvégzése. P. Cs.:
A kezelési modszer magyarorszagi bevezetése, témave-
zetés, intraoperativ katéterimplanticié, sugarkezelés ki-
vitelezése, adatelemzés, a kézirat revizidja. A cikk végle-
ges valtozatit valamennyi szerz§ elolvasta és jévahagyta.

Erdekeltségek: A szerzéknek nincsenek érdekeltségeik.
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ABSTRACT

Keywords:

PURPOSE: The purpose of this study was to report the clinical outcomes of a second breast-
conserving therapy (2nd BCT) with perioperative interstitial brachytherapy (iBT) vs. those of
salvage mastectomy (sMT) in the treatment of ipsilateral breast tumor recurrences (IBTRs).
METHODS AND MATERIALS: Between 1999 and 2015, 195 patients with IBTR after a previ-
ous breast-conserving treatment were salvaged either with reexcision and perioperative high-dose-
rate iBT (n = 39), or with sMT (n = 156). In the 2nd BCT group, a total dose of 22 Gy in five
fractions of 4.4 Gy was delivered to the tumor bed with intraoperatively implanted catheters for
3 consecutive days.

RESULTS: The median followup time was 59 months (1—189) in the 2nd BCT, and 56 months
(3—189) in the sMT group. The mean size of IBTR was 16 mm (2—70) vs. 24 mm (2—90), respec-
tively (p = 0.0005), but there were no other significant differences in patient- or IBTR-related pa-
rameters between the two groups. During the followup period, 4 of 39 (10.2%) and 28 of 156
(17.9%) second local recurrences (2nd LR) occurred in the 2nd BCT and the sMT group, respec-
tively. The 5-year actuarial rate of 2nd LR was 6% vs. 18% (p = 0.22), the 5-year probability
of disease-free, cancer-specific and overall survival was 69% vs. 65% (p = 0.13), 85% vs. 78%
(p = 0.32), and 81% vs. 66% (p = 0.15), respectively. In the 2nd BCT group, the rate of good
to excellent cosmesis was 70%.

CONCLUSIONS: 2nd BCT with perioperative high-dose-rate iBT is a safe and feasible option for
the management of IBTR, resulting in similar 5-year oncological outcomes and better cosmetic re-
sults compared with sMT. © 2019 American Brachytherapy Society. Published by Elsevier Inc. All
rights reserved.

Breast cancer; Local recurrence; Second breast-conserving therapy; Salvage mastectomy; Brachytherapy

Introduction

Breast cancer is the most common cancer among women
with an estimated 1.67 million new cases diagnosed in
2012, representing 25.1% of all new cancerous diseases
(1). According to the National Cancer Registry, in 2014,
8049 new cases were reported in Hungary (2). Nowadays,
the standard of care for early-stage breast cancer is
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breast-conserving surgery (BCS) with postoperative radio-
therapy (RT) (3, 4, 5). In spite of adequate local treatment,
the rate of ipsilateral breast tumor recurrence (IBTR) has
been reported to be within the range of 8—11% in 10 years
(6, 7). In such cases, salvage mastectomy (sMT) is
currently considered as the gold-standard treatment,
but—after detailed information and discussion—a large
number of patients would prefer a second breast-
conserving therapy (2nd BCT) resulting in better quality
of life and cosmetic outcome. According to the literature,
the rate of the second local recurrence (2nd LR) is close
to 10% after the sMT (range: 3—22%) (8—23). This rate,
after repeated BCS without RT, has been reported as high
as 26% (range: 4—50%) (8—16, 24—27). Theoretically, re-
irradiation after second BCS may decrease the chance of

1538-4721/$ - see front matter © 2019 American Brachytherapy Society. Published by Elsevier Inc. All rights reserved.
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2nd LR, but unfortunately, the reirradiation of the whole
breast with the sufficient dose is considered inappropriate
due to the high risk of serious late side effects. In selected
cases, multicatheter interstitial brachytherapy (iBT) was
successfully used as partial-breast irradiation after BCS
(28—32). Owing to the ability to focus radiation on a
limited area, while sparing surrounding normal tissues, this
technique is a promising method to reirradiate the tumor
bed with an effective dose after previous BCS and whole-
breast irradiation (WBI).

Therefore, the aim of this study was to evaluate the feasi-
bility and efficacy of second breast-conserving operation with
reirradiation using perioperative high-dose-rate (HDR) iBT
for the treatment of IBTR developed after a previous breast-
conserving treatment, compared with standard sSMT.

Methods and materials

We retrospectively analyzed the outcome of 195 women
who had been presented with an IBTR after previous con-
servative surgery and WBI, between 1999 and 2016.

For the treatment of the initial breast cancer, all patients
underwent wide excision and axillary block dissection or
sentinel lymph node biopsy. Postoperative RT consisted
of 46—50 Gy WBI administered using two tangential
photon beams with conventional fractionation (2 Gy/day,
5 fractions/week). 45 patients (23%) received a tumor bed
boost of 4—16 Gy. Patient, tumor, and treatment character-
istics for initial breast cancer are summarized in Table 1.

39 patients who refused sMT underwent second BCS
and perioperative HDR multicatheter iBT. The other 156
women underwent standard sMT. Patients were treated with
2nd BCT when the following conditions were met: isolated
(without regional and distant metastasis), unicentric, paren-
chymal tumor recurrence; clinical and mammographic
examination = 3 cm tumor size, recurrence at least 2 cm
from the skin surface; and the patient’s strong preference
for repeated BCS. Exclusion criteria were the multifocal
or multicentric LR.

In case of 2nd BCT—after aspiration cytology or core
biopsy confirmed—wide reexcision of the recurrent tumor
was performed under general anesthesia. During reopera-
tion, the walls of the excision cavity were marked with four
to six titanium clips. With an open surgical wound, a me-
dian of 8 (range: 4—24) guide needles in one to three planes
were placed in the tumor bed, spaced 15—20 mm apart. Af-
terward, the guide needles were replaced with plastic cath-
eters and secured with fixation buttons at the skin. After
implantation, the wound was closed with sutures. On the
second-fourth postoperative day, isocentric X-ray films or
CT scans were taken of the implanted breast, and comput-
erized treatment planning was performed.

As a target volume, the tumor bed plus an additional
margin (20 mm minus the intact surgical margins given
in the six main directions) were contoured by excluding

Table 1
Patient, tumor, and treatment characteristics for initial breast cancer of 195
patients

Characteristic n (%)
Mean age (years) 53 (range: 27—83)
Premenopausal 85 (44%)

Mean tumor size (mm)
Histologic type

19 (range: 1—80)

Invasive ductal carcinoma 130 (67%)
Invasive lobular carcinoma 12 (6%)
Other invasive carcinoma 10 (5%)
Ductal carcinoma in situ 14 (7%)
Unknown 29 (15%)
Histologic grade
1 29 (15%)
2 64 (33%)
3 43 (22%)
Unknown 59 (30%)
pTNM stage
pT1 pNO 69 (35%)
pT2 pNO 21 (11%)
pT3 pNO 4 (2%)
pT1 pN1 25 (13%)
pT2 pN1 15 (8%)
pT2 pN2 2 (1%)
pT2 pN3 2 (1%)
pT3 pNO 4 (2%)
Unknown 53 (27%)
Surgical margin status
Positive 12 (6%)
Negative 103 (53%)
Unknown 80 (41%)
Hormonal status
ER+, PR+ 58 (30%)
ER+, PR— 12 (6%)
ER—, PR+ 5 (3%)
ER—, PR— 38 (19%)
Unknown 82 (42%)
Systemic therapy
Chemotherapy 41 (21%)
Hormonal therapy 54 (27%)
Chemotherapy and hormonal therapy 21 (11%)
None 62 (32%)
Unknown 17 (9%)

ER = estrogen receptor; PR = progesterone receptor.

the pectoral muscle and a 5 mm rim of subcutaneous tissue
beneath the skin, according to the Groupe Européen de Cu-
riethérapie—European Society for Radiotherapy and
Oncology (GEC-ESTRO) recommendation (33). In 1 pa-
tient, owing to the incision of the surgical specimen, the
exact extent of the microscopic surgical margin remained
unknown, and a maximum margin of 20 mm was used.
During treatment planning, active source positions within
the catheters were determined, and conformal dose distribu-
tion was calculated. The irradiation was started 48 to 72 h
after salvage surgery. Patients were treated with an HDR
remote afterloading unit using an Iridium-192 source.

A total dose of 22 Gy was delivered to the tumor bed, in
5 fractions of 4.4 Gy, provided at least 6 h apart and with a
twice-a-day fractionation, over 3 days. After the last frac-
tion, the catheters were removed, and after a few hours of
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Table 2
Patient, tumor, and treatment characteristics for recurrent breast cancer according to salvage treatments
Characteristic 2nd BCT patients n (%) sMT patients n (%) p-value
Mean age (years) 63 (range: 36—81) 62 (range: 36—87) 0.48
Premenopausal 4 (11%) 20 (13%) 0.82
Mean tumor size (mm) 16 (range: 2—70) 25 (range: 2—90) 0.0005
Mean time to recurrence (months) 128 (range: 36—258) 108 (range: 9—324) 0.09
Localization of recurrence” (n = 38) (n = 96)
In or vicinity to the tumor bed 28 (74%) 78 (81%) 0.35
Different quadrant 10 (26%) 18 (19%)
Unknown 1 60
Histologic type
Invasive ductal carcinoma 33 (84%) 114 (73%) 0.51
Invasive lobular carcinoma 3 (8%) 21 (13%)
Other invasive carcinoma 2 (5%) 11 (7%)
Ductal carcinoma in situ 1 3%) 10 (6%)
Histologic grade
1 7 (18%) 18 (11%) 0.26
2 11 (28%) 62 (40%)
3 20 (51%) 64 (41%)
Unknown 1 (3%) 12 (8%)
Surgical margin status
Positive 1 (3%) 13 (8%) 0.34
Negative 37 (94%) 134 (86%)
Unknown 1 3%) 9 (6%)
Hormonal status
ER+, PR+ 24 (62%) 82 (53%) 0.49
ER+, PR— 6 (15%) 21 (13%)
ER—, PR+ 1 (3%) 1 (1%)
ER—, PR— 6 (15%) 44 (28%)
Unknown 2 (5%) 8 (5%)
Systemic therapy
Chemotherapy 3 (8%) 33 21%) 0.18
Hormonal therapy 29 (74%) 87 (56%)
Chemotherapy and hormonal therapy 3 (8%) 15 (10%)
None 4 (10%) 21 (13%)

2nd BCT = second breast-conserving therapy; ER = estrogen receptor; PR = progesterone receptor; SMT = salvage mastectomy.

Bolded value indicates the significant difference.
# Only in cases with known localization.

observation, the patients were discharged. The mean vol-
ume of the planning target volume was 58 cm® (range:
21—130 cm?). The average dose nonuniformity ratio (the
ratio of high dose volume to reference dose volume) was
0.4 (range: 0.24—0.52).

In both groups, most patients had chemotherapy or hor-
monal therapy (note that the patients in the sMT group had
almost twice the number of ER/PR-negative tumors than the
members of the 2nd BCT group), which probably played a
role in improving local control. Adjuvant systemic treatments
in the 2nd BCT group consisted of chemotherapy in 3 patients
(8%), whereas 29 (74%) received endocrine therapy and 3
(8%) received both. No further adjuvant treatment was admin-
istrated in 4 patients (10%) because of their advanced age,
hormone receptor-negative status, or their refusal of systemic
cytostatic therapy. In the sMT group, the respective patient
numbers were 33 (21%), 87 (56%), 15 (10%), and 21
(13%) in the same order. Patient, tumor, and treatment charac-
teristics for the recurrent tumors are summarized in Table 2.

In the 2nd BCT group, the histological type of first and
second breast cancer was the same in 28 patients (72%),

different in 7 patients (18%), and not exactly determinable
in 4 patients (10%). In the sMT group, this ratio was 105
(67%), 25 (16%), and 26 patients (17%), respectively.

During followup, patients were controlled every
3 months in the first 2 years after salvage treatment, every
6 months in the first 5 years, and every year thereafter.
Mammography and breast ultrasound were performed
annually. In case of uncertain mammography and ultra-
sound findings, breast MRI and/or aspiration cytology of
suspicious lesions were performed to differentiate be-
tween 2nd LR and localized fibrosis or fat necrosis. The
cosmetic results were assessed using the Harvard criteria
(34). Skin side effects and fibrosis were scored by the Ra-
diation Therapy Oncology Group/European Organization
for Research and Treatment of Cancer late radiation
morbidity scoring scheme (35). All time intervals were
calculated from the date of salvage surgery. The actuarial
rates of specific events and survivals were calculated using
the Kaplan—Meier method (36). STATISTICA 12 soft-
ware (StatSoft Inc., Palo Alto, CA) was used for statistical
analyses.
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Fig. 1. Second local recurrence—free survival after second breast-conserving therapy or salvage mastectomy.
Results groups. The IBTR was located in or near the tumor bed

There was no significant difference between the two
groups in terms of the patient-related parameters, such as
age and menopausal status. Although, the mean size of
the recurrent tumors was larger in the sMT group than in
the 2nd BCT group (25 mm vs. 16 mm, p = 0.0005), no
other significant difference was found in the pathological
characteristics of the recurrences (e.g., histologic type,
grade, margin status, receptor status) between the two

100%

of the first operation in most of the cases in both groups.
At a median followup of 59 months, a 2nd LR occurred
in 4 patients (10.2%) in the 2nd BCT group, and at a me-
dian followup of 56 months, in 28 women (17.9%) in the
sMT group. The 5-year actuarial rate of a 2nd LR was
6% after 2nd BCT vs. 18% after sMT (p 0.22)
(Fig. 1.). In the 2nd BCT group, after the 2nd LR,
completing mastectomy was performed in 3 patients, so
the ultimate mastectomy-free survival was 92%. In 1
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Fig. 3. Cancer-specific survival after second breast-conserving therapy or salvage mastectomy.

patient, distal metastases were detected before the 2nd LR;
therefore, no repeat surgery was performed. Ipsilateral axil-
lary metastasis occurred in 2 patients (5.1%) in the 2nd
BCT group, and in 11 patients (7.1%) in the sMT group.
The 5-year probability of regional recurrence-free survival
was 94% after 2nd BCT vs. 95% after sMT (p = 0.77). The
5-year probability of disease-free survival was 69% after
2nd BCT vs. 65% after sMT (p = 0.13) (Fig. 2.). Overall,
9 patients (23%) in the 2nd BCT group and 53 patients
(34%) in the sMT group developed subsequent distant

100%

metastases 19 to 124 and 3 to 180 months after IBTR,
and all of them died of breast cancer 11 to 165 and 12 to
184 months after salvage treatment, respectively. The 5-
year probability of distant metastasis-free survival was
76% vs. 74% (p = 0.24), the 5-year probability of
cancer-specific survival was 85% vs. 78% (p = 0.32),
and the 5-year probability of overall survival was 81% vs.
66% (p = 0.15), respectively (Figs. 3 and 4.) Three pa-
tients (8%) developed second primary malignancies in the
2nd BCT group (including one hypernephroma, one colon,
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Fig. 4. Overall survival after second breast-conserving therapy or salvage mastectomy.



DOI:10.14753/SE.2023.2842

416 V. Smanyké et al. / Brachytherapy 18 (2019) 411—419

Table 3
Cosmetic results and late radiation side effects after the second breast-
conserving therapy

Characteristic n (%)
Cosmetic results
Excellent 4 (10%)
Good 23 (60%)
Fair 6 (15%)
Poor 6 (15%)
Skin side effects
Grade 0 4 (10%)
Grade 1 21 (54%)
Grade 2 11 (28%)
Grade 3 3 (8%)
Fat necrosis
Asymptomatic 7 (18%)
Symptomatic 0 (0%)
Fibrosis
Grade 0 17 (44%)
Grade 1 12 31%)
Grade 2 9 (23%)
Grade 3 1 2%)

and one lung cancer), and also 3 patients (2%) in the sMT
group (including one lung cancer, one renal cancer, and one
ovarian cancer). Contralateral breast cancer occurred in 2
patients (5%) in the 2nd BCT group and in 18 patients
(9%) in the sMT group.

(60%), 6 (15%), and 6 patients (15%) had excellent, good,
fair, and poor cosmetic results, respectively. Grade 2 and 3
fibrosis developed in 9 (23%) and 1 patient (2%), respec-
tively; grade 2 and 3 late skin toxicity occurred in 11
(28%) and 3 patients (8%), respectively. Asymptomatic
fat necrosis was detected in seven women (18%) and
required no surgical intervention (Table 3.).

Discussion

For a long time, ‘“‘salvage” mastectomy was the only
accepted strategy for treating an LR after BCS and WBIL.
According to the publications, the rate of the 2nd LR is
close to 10% after the sMT (range: 3—22%) (8—23)
(Table 4.) Voogd et al. (11) reported the results of a retro-
spective study with the largest number of patients—treated
in the 80s—who underwent sMT after an LR in the breast.
The median followup after the diagnosis of LR was
52 months, and 51 of the 229 patients (22%) developed a
2nd LR.

However, since the 1990s, second BCS was also re-
ported by several authors as a viable alternative in selected
cases (24—27). Gentilini et al. (26) published the results of
the largest series with second BCS used as monotherapy.
After a median followup of 81 months, a 2nd LR occurred

After the 2nd BCT, cosmetic results were evaluated
based on Harvard criteria. Among these, 4 (10%), 23

in 47 of 161 patients (29%). Five-year cumulative inci-
dence of a second local event after IBTR was 29%.

Table 4
Results of second conservative surgery (without radiotherapy) vs. salvage mastectomy

Median FUP No. of patients 2nd LR (%) S-year 2nd LR (%) S-year OS (%)
Author (months) 2nd BCS sMT 2nd BCS sMT 2nd BCS sMT 2nd BCS sMT
Salvadori B (8) 73 57 133 14% 3% 19% 4% 85% 70%
Fodor J (9) 165 32 32 28% 16% NR NR NR NR
Dalberg K (10) 72 14 65 50% 18% 33% 12% NR NR
Voogd AC (11) 52 20 229 40% 22% NR NR NR NR
Alpert TE (12) 165 30 116 7% 7% NR NR 58%" 66%"
Komoike Y (13) 43 30 11 30% 0% 37%" 0%" 90%" 91%"
Abner AL (14) 39 16 123 31% 6% NR NR NR 79%
van der Sangen MJ (15) NA 8 89 50% 11% NR NR NR NR
Kurtz JM (16) 35 34 36 9% 3% 22% 4% NR NR
Doyle T (17) 44 - 112 - 3% - NR - 86%
Beard HR (18) 55 - 59 - 12% - NR - NR
Botteri E (19) 60 - 121 - 15% - NR - 73%
Lindford AJ (20) 66 - 60 - 10% - NR - 93%
Tanabe M (21) 55 - 118 - 9% - 9% - NR
Recht A (22) 32 - 65 - 8% - 37% - NR
Osborne MP (23) 28 - 46 - 15% - 45% - 76%
Kurtz JM (24) 72 52 - 23% - 21% - 79% -
Kurtz JM (25) 51 50 - 32% - 38% - 67% -
Gentilini O (26) 81 161 - 29% - 29% - 84% -
Ishitobi M (27) 40 78 - 22% - 21% - NR -
Present study 56 - 156 - 18% - 18% - 66%
All patients (range) 28—165 582° 1571¢ 4—50% 0—22% 19—38% 0—45% 58—90% 66—93%

FUP = followup period; NR = not reported; OS = overall survival; sMT = salvage mastectomy; 2nd BCS = second breast-conserving surgery; 2nd
LR = second local recurrence.

* 10-year actuarial rate.

® 3.year actuarial rate.

¢ total number of patients.
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The largest study comparing the two treatment methods
was reported by Salvadori et al. (8). Four of 133 (3%) intra-
mammary recurrences were reported after sMT, and 8 of 57
(14%) after repeated local resection. The incidence of 2nd
LR at 5 years was higher in the reexcision group (19%),
compared with the mastectomy group (4%) ( p-value not re-
ported). In the study of Fodor et al. (9) after 165 months,
the incidence of 2nd LR was 16% (5 of 32 patients) in
the sMT group, and 28% (9 of 32 patients) in the second
BCS group (p = 0.22). Therefore, based on the investiga-
tions, the 2nd LR ratio was higher after repeated BCS than
after sMT (8—16).

Reirradiation after second BCS may decrease the chance
of 2nd LR (37). Unfortunately, reirradiation of the whole
breast with an effective dose is considered inappropriate
because of the high risk of serious late side effects. Howev-
er, the earlier promising results of partial-breast irradiation
as part of upfront BCT for selected patients has led to a re-
newed interest in partial-breast reirradiation in the salvage
setting as a means to improve local control while
minimizing toxicity from a second course of radiation.
Partial-breast irradiation may be delivered with either
external-beam irradiation or brachytherapy. Deutsch et al.
(37) reported the results of external-beam reirradiation as
a part of the 2nd BCT. Thirty nine women with an IBTR
after lumpectomy and WBI were treated with excision of
the recurrence and 50 Gy RT to the operative area using
electrons. After a median followup of 51 months, 8 patients
(21%) developed 2nd LR. The rate of an excellent and good
cosmetic result was 75%, and the 5-year overall survival
was 78%.

Table 5

Results of brachytherapy as reirradiation after repeat breast-conserving surgery

The 5-year oncology outcomes of the Radiation Therapy
Oncology Group 1014 study—a prospective phase II trial
of 3D conformal photon-electron combination partial-
breast reirradiation—which started in 2010, have not been
published yet; but after a 1-year followup, the grade =3
treatment-related skin, fibrosis, and breast pain adverse
events were less than 2% (38).

The largest experience of reirradiation after a 2nd BCT is
withiBT (39—48). The results of these studies are summarized
in Table 5. In 2004, a French study presented the results of 69
patients with IBTR treated with lumpectomy and low-dose-
rate iBT (39). The prescribed dose was 30 Gy or 45—50 Gy.
The 5-year local control and the overall survival was 77%
and 92%, respectively. Patients who received a brachytherapy
dose of at least 50 Gy had better 5-year local tumor control
rates than those who received <50 Gy (86% vs. 75%, p =
0.095). Nevertheless, patients who received a cumulative total
dose (teletherapy + brachytherapy) to the breast >100 Gy had
significantly higher rates of grade 2—3 toxicity compared with
those who received <100 Gy (33% vs. 4%, p = 0.005). Simi-
larly, patients who received a brachytherapy dose >46 Gy had
higher rates of grade 2—3 toxicity compared with those who
received <46 Gy (36% vs. 14%, p = 0.005).

In 2013, the GEC-ESTRO Breast Cancer Working
Group presented a collaborative analysis with the largest
number of patients (40). In this study, 217 patients were
treated between 2000 and 2010 by multicatheter iBT in
eight European institutions. The mean dose of reirradiation
was 46 Gy (range: 30—55 Gy) with low-dose-rate, 50.4 Gy
(49—50 Gy) with pulsed-dose-rate, and 32 Gy (22—36 Gy)
with HDR technique. With a median followup of 47 months,

Fraction x Median FUP S-year S-year Excellent and good

Author Technique dose (Gy) (months) Patients 2nd LR (%) 2nd LR (%) OS (%) cosmesis (%)
Hannon-Levi JM (39) LDR 1 x 30; 1 x 45—50 50 69 159%  25%; 14% 92% NR
Hannon-Levi JM (40) LDR 1 x 30-55 47 217 4% 6% 89% 85%

PDR 49—50/0.6—1¢

HDR 5—-10 x 3.6—4.4
Guix B (41) HDR 12 x 2.5 89 36 3% 11%" 97%" 94%
Trombetta M (42) HDR" 10 x 3.4 40 18 11% NR NR 83%
Chada M (43) LDR 1 x30;1 x 45 36 15 7% 11%° 100%° 100%
Maulard C (44) LDR 1 x 30 40 15 27% NR 61% 16%
Resch A (45) PDR 40—50/0,6—1¢ 59 9 0% 0% 100%° 55%
Kauer-Dorner D (46) PDR 50.1/0.6—1¢ 57 39 5% 7% 87% 37%
Trombetta M (47) LDR 1 x 4550 38 26 4% NR NR 92%

HDR 10 x 3.4
Houvenaeghel G (48) LDR 1 x 45—-56 73 62 26% 17% 80% NR
Present study HDR 5 x 4.4 59 39 10% 6% 81% 70%
All patients (range) 36—89 545" 3—-27% 0—25% 61—100%  16—100%

FUP = followup period; Gy = gray; HDR = high-dose-rate; LDR = low-dose-rate; NR = not reported; OS = overall survival; PDR = pulsed-dose-rate;

2nd LR = second local recurrence.
# 10-year actuarial rate.

® patients were treated with intracavitary HDR brachytherapy using the MammosSite or the Contura balloon applicators.

3-year actuarial rate.
total dose/pulse dose.
disease-free survival.

c
d
e
T total number of patients.
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the authors reported actuarial 5- and 10-year 2nd LR rate of
6% and 7%, whereas the actuarial 5- and 10-year overall
survival rates were 89% and 76%, respectively. Good to
excellent cosmesis was achieved in 85% of the patients.
The study with the longest followup was performed by
Guix et al. (41). Between 1990 and 2001, 36 women were
treated with IBTR by excision of the recurrence and 30 Gy
(12 x 2.5 Gy) HDR iBT. After a median followup of
89 months, the 10-year 2nd LR rate was 11%, and the
10-year overall survival rate was 97%. Good to excellent
cosmesis was achieved in 94% of patients.

In 1999, we introduced at our institution the second
breast-conserving operation with reirradiation using periop-
erative HDR iBT in selected cases for the treatment of
IBTR developed after a previous BCT. Our early results
have been reported elsewhere (49, 50).

In this study, 39 patients who were presented with an IBTR
after a previous BCT were salvaged by reexcision and received
perioperative HDR iBT. The data of these patients were
compared with 156 women, who were salvaged with simple
mastectomy during the same period. The 5-year actuarial rate
of a 2nd LR was 6% after 2nd BCT and 18% after sMT (p =
0.22). In the literature, this rate is roughly 11% (range: 0—
25%) and 19% (0—45%), respectively. In the 2nd BCT group,
the good to excellent cosmesis was 70%.

The weakness of our study is its retrospective (non-
randomized) nature, but it is practically impossible to
conduct a prospective randomized trial because of the pa-
tients’ reluctance for accepting randomization between
2nd BCT and sMT.

The German Society of Radiation Oncology (Deutsche
Gesellschaft fiir Radioonkologie) expert panel guideli-
nes—published in 2016—have suggested selection criteria
for a second breast-conserving approach as follows: an iso-
lated, unifocal, <3 cm recurrence, in a patient aged
>50 years, a long interval between the primary treatment
and recurrence (>48 months), and the patient’s preference
of a 2nd BCT (51). With these conditions, multicatheter
iBT is the recommended method, whereas repeated
external-beam partial-breast irradiation or intraoperative
RT is acceptable only in a clinical trial.

Currently, GEC-ESTRO Breast Cancer Working Group
is also working on updating the retrospective database of
comparison between sMT and second BCS with periopera-
tive iBT, collaborating with 15 European cancer centers
(52). These results may further help us determine the indi-
cations for 2nd BCT more accurately.

Conclusions

To our knowledge, this is the first study directly
comparing 2nd BCT with perioperative HDR iBT to sMT
in patients who were treated during the same period and
at the same institute. Based on the results of our study
and the data reported previously by others, a second BCS

with perioperative HDR iBT is a safe and feasible option
for the management of IBTR, resulting in similar 5-year
oncological outcomes compared with a standard sMT.
HDR iBT decreases the risk of a 2nd LR with acceptable
cosmetic results and a low rate of late side effects.

Further studies with higher numbers of patients are
required to define the value of a second BCS with reirradia-
tion as compared with sMT.
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Purpose: Second conservative treatment has emerged as an option for patients with a second ipsilateral breast tumor event
after conserving surgery and breast irradiation. We aimed to address the lack of evidence regarding second breast event treat-
ment by comparing oncologic outcomes after conservative treatment or mastectomy.

Methods and Materials: Oncologic outcomes were analyzed using a propensity score-matched cohort analysis study on pa-
tients who received a diagnosis of a second breast event between January 1995 and June 2017. Patient data were collected
from 15 hospitals/cancer centers in 7 European countries. Patients were offered mastectomy or lumpectomy plus brachyther-
apy. Propensity scores were calculated with logistic regression and multiple imputations. Matching (1:1) was achieved using
the nearest neighbor method, including 10 clinical/pathologic data related to the second breast event. The primary endpoint
was 5-year overall survival from the salvage surgery date. Secondary endpoints were 5-year cumulative incidence of third
breast event, regional relapse and distant metastasis, and disease-free and specific survival. Complications and 5-year inci-
dence of mastectomy were investigated in the conservative treatment cohort.

Results: Among the 1327 analyzed patients (mastectomy, 945; conservative treatment, 382), 754 were matched by propen-
sity score (mastectomy, 377; conservative treatment, 377). The median follow-up was 75.4 months (95% confidence interval
[CT], 65.4-83.3) and 73.8 months (95% CI, 67.5-80.8) for mastectomy and conservative treatment, respectively (P = .9). In
the matched analyses, no differences in 5-year overall survival and cumulative incidence of third breast event were noted
between mastectomy and conservative treatment (88% [95% CI, 83.0-90.8] vs 87% [95% CI, 82.1-90.2], P = .6 and
2.3% [95% CI, 0.7-3.9] vs 2.8% [95% CI, 0.8-4.7], P = .4, respectively). Similarly, no differences were observed for all
secondary endpoints. Five-year cumulative incidence of mastectomy was 3.1% (95% CI, 1.0-5.1).

Conclusions: To our knowledge, this is the largest matched analysis of mastectomy and conservative treatment combining
lumpectomy with brachytherapy for second breast events. Compared with mastectomy, conservative treatment does not
appear to be associated with any differences in terms of oncologic outcome. Consequently, conservative treatment could
be considered a viable option for salvage treatment. © 2020 Elsevier Inc. All rights reserved.

cancer. Currently, salvage mastectomy is adopted as the usual
standard treatment for second breast cancer events. However,
there is no convincing argument for not applying the rationale
used for primary breast tumors (ie, avoiding deleterious
mutilation) to second breast events. Furthermore, encouraging

Introduction

With 2.1 million new cases in 2018, breast cancer was the most
commonly diagnosed cancer and the leading cause of cancer
death in women.' Forecasts for 2040 predict 29.5 million

(4+39%) new cancer cases and 16.4 million cancer deaths.”
For primary breast cancer, the local relapse rate after
conservative treatment combining lumpectomy plus
external beam irradiation ranges between 4% and 6% at 10
years”" and between 10% and 15% at 20 years of follow-
up.”® According to data reported by Miller et al, the
number of breast cancer survivors in the United States will
increase by 22% between 2019 and 2030 (3.8 vs 4.9
million, respectively).” These data suggest that the number
of patients experiencing a second ipsilateral breast tumor
event will increase dramatically during the next decades.
Fisher et al° and Veronesi et al” aimed to avoid mastectomy
for patients with primary breast cancer and successfully fol-
lowed the evidence-based medicine process by conducting
prospective randomized phase 3 trials comparing mastectomy
versus breast conservative treatment based on lumpectomy
plus irradiation. Since then, the breast-conserving approach
has been considered the standard treatment for localized breast

results after second conservative treatment combining lump-
ectomy plus tumor bed reirradiation have been reported.™”
To effectively compare oncologic outcomes after
salvage mastectomy or second conservative treatment, a
randomized phase 3 trial assessing these 2 salvage options
would be needed. However, in this context, randomization
would be difficult to achieve, mainly for methodologic and
ethical reasons.”'’ Regarding methodology, whatever the
chosen primary oncological endpoint, the objective would
not be to improve the clinical results, but rather to offer the
possibility of second breast preservation. Consequently, a
randomized trial would require a noninferiority design
involving a large number of patients to evaluate the
outcome of second breast events, which are rare clinical
occurrences. Such a trial would probably take more than 10
years to complete, and at a prohibitive cost. Regarding
ethical considerations, it remains difficult to obtain a signed
consent form from a patient who is made aware of the



454 Hannoun-Levi et al.

DOI:10 14753/Sgge?3ti28ﬂ20urnal of Radiation Oncology e Biology e Physics

50/50 chance of need for a second conservative treatment.
Consequently, patient enrollment would be problematic and
would render such a randomized phase 3 trial technically
unfeasible and possibly unethical.

In the absence of randomized data clearly supporting the
use of salvage mastectomy as the standard treatment for
second breast events, the main goal of this study was to use
a European oncology database to perform a matched
treatment analysis comparing oncologic outcomes after
salvage mastectomy compared with second conservative
treatment (lumpectomy plus reirradiation of the tumor bed).

Methods and Materials
Study design and participants

Based on the database of the GEC-ESTRO Breast Cancer
Working Group, this study was a propensity score-matched
analysis of real-world observational clinical practices
across 15 academic hospitals/cancer centers in 7 European
countries (Austria, Belgium, France, Germany, Hungary,
Spain and Switzerland; Table E3). To protect privacy, the
database encrypts patients’ personal information and pro-
vides researchers with anonymous identification numbers
associated with relevant information including sex, age,
treatment procedures, and prescriptions. The researchers
were provided with no direct identification data. Conse-
quently, patient consent was not required to access the
database. To fulfill the conditions for exemption, the pre-
sent study was approved by the Ethical Committee of the
Institutional Review Board at the Antoine Lacassagne
Breast Cancer Board (no. 18001). The board also specif-
ically waived the consent requirement. For our analysis, we
used data from 1995 to 2017 retrieved and analyzed before
the General Data Protection Regulation.

We included all women diagnosed between January
1995 and June 2017 with a histologically proven second
ipsilateral breast tumor event occurring after conservative
treatment of the primary (lumpectomy plus whole breast
irradiation). Patients of all ages presented no evidence of
skin involvement or distant metastatic disease, had no
history of contralateral breast cancer, had a tumor staged
T1-2, and had at least 12 months between primary and
salvage surgery. Patients were offered mastectomy alone
(without reirradiation) or, for those refusing mastectomy,
conservative treatment combining lumpectomy plus tumor
bed reirradiation with multicatheter interstitial brachyther-
apy. Patient selection for conservative treatment took into
account tumor stage, multicentricity, breast size, and po-
tential sequalae of the first conservative treatment.'’
Negative histologic margins were mandatory. Axillary
lymph node evaluation was rarely performed because, at
the time of primary tumor treatment before 1995 and the
introduction of sentinel lymph node biopsy, axillary
dissection was performed.

Procedures

For patients receiving conservative treatment, brachyther-
apy was delivered as described elsewhere.® Briefly, patients
underwent lumpectomy combined with intra- or post-
operative catheter implantation according to the Paris sys-
tem recommendations.'” After analysis of the final
pathologic report, tumor bed brachytherapy-based irradia-
tion was performed at either low, pulsed, or high dose rates,
depending on the treatment period and the technique
available in each center (Table E1).

For patients who underwent mastectomy, no post-
operative irradiation was delivered, and immediate or
delayed breast reconstruction was discussed with the pa-
tient and performed at the discretion of each surgical team.
Patient-, tumor-, and treatment-related data were collected
by each center and pooled in the GEC-ESTRO Breast
Cancer Working Group database. The treatment period was
also collected and used in the analysis because this may
have had an influence on oncologic outcomes. Patients
followed up every 6 months during the first 5 years, then
yearly with clinical examinations and mammograms.

Outcomes

Given the need for equivalent comparisons of oncologic
outcomes between the mastectomy and conservative treat-
ment cohorts, we investigated comparable treatment failure
patterns in the 2 groups. Thus, the primary endpoint of this
observational study was overall survival, defined as the time
between the date of salvage surgery and the date of patient
death of any cause. Patients who were still alive at the time of
analysis or who were lost to follow-up were censored at the
date of last news. Secondary endpoints were 5-year cumu-
lative incidence of third ipsilateral breast tumor, regional
relapse (axilla, supraclavicular fossa, and internal mammary
chain) and distant metastasis observed between salvage
surgery date and event occurrence. Disease-free survival
(third breast event, regional relapse, distant metastasis, breast
cancer death, or death from any cause) and specific survival
were defined as the time length between salvage surgery date
and occurrence of the first tumor-related event or occurrence
of death from breast cancer, respectively. For each patient,
follow-up was estimated between the date of salvage surgery
and date of last news.

Because the conservative treatment cohort had under-
gone the investigated salvage procedure, we also took as a
secondary endpoint for this treatment group the 5-year
cumulative incidence of mastectomy due to any cause. Late
toxicities (Common Terminology Criteria for Adverse
Events version 4) and cosmetic outcomes (Harvard criteria)
were investigated.'”

Statistical analysis

Because this was a real-world match-paired study, the
sample size was determined by the number of women
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whose data were included in the GEC-ESTRO Breast
Cancer Working Group database. Demographic, diagnostic,
clinicopathologic, and treatment-specific information was
retrieved for each patient entered in the database. Due to
the extensive duration of the study period (22.5 years;
January 1, 1995 to June 30, 2017) and possible changes in
treatment strategies (local and systemic), the outcomes
after second breast event treatment were analyzed over 3
different periods: from January 1, 1995 to December 31,
2001, from January 1, 2002 to December 31, 2009, and
from January 1, 2010 to June 30, 2017. In the event of
missing data, a multiple imputation by chained equations'”
was performed with 20 imputed data sets.

To minimize the significantly different baseline char-
acteristics between the women in the 2 compared groups
and their effect on the oncologic outcome assessment
(Table E2), a 1:1 ratio propensity score analysis was
performed with a caliper of 0.1."° The propensity score
was calculated using a logistic regression model and was
based on the following variables: patient age at the time
of second breast event, length of time between primary
and salvage surgery, recurrence period, tumor size, his-
tologic type and grade, hormonal receptor and Her2 sta-
tus, hormone therapy, and chemotherapy. Subsequently,
the standardized mean differences were calculated for all
variables included in the propensity score before and after
matching to assess the effect of pairing on imbalance
(Fig. E1). A 10% standardized difference was considered
the limit of an acceptable correct balance. Categorical
data were shown as frequencies and percentages and
continuous variables as minimums, maximums, and
means with standard deviations. All survival curves were
estimated with a 95% confidence interval (CI) using the
Kaplan-Meier method, taking time baseline as the date of
salvage surgery. Baseline characteristic comparisons for
unmatched and matched data sets were performed using
the * or Fisher’s exact tests for categorical data and the
Student ¢ test or Mann-Whitney U test for continuous
variables. The median follow-up and its 95% CI were
calculated using the Schemper method.'® Median follow-
up and survival curves were compared using the log-rank
test. Cox proportional hazards models were used to esti-
mate hazard ratios (HR) and 95% ClIs for the relation
between treatment and survival. The proportional hazards
(P > .05) assumption was checked using statistical tests
and graphical diagnostics based on the scaled Schoenfeld
residuals.'” A sensitivity analysis was performed by
repeating the primary analysis, stratified by treatment
center to establish whether conservative treatment could
negatively affect oncologic outcome.

To identify prognostic factors for oncologic outcome,
univariate and multivariate Cox models were performed on
the matched data set using propensity score calculation
variables and type of salvage local treatment. The final
multivariate Cox regression model was performed using
backward stepwise elimination with Akaike information
criteria as the stopping rule.

Data entry and management were performed on the
capture system (Ennov Clinical). All statistical analyses
were considered statistically significant at P values of <.05
(2-sided) and were performed using SAS software version
9.4 and R 3.6.0 using package Matching, survey, Reshape2,
and mice on Windows.

Results

Of the 1400 patients identified in the GEC-ESTRO Breast
Cancer Working Group database as having experienced a
second breast event diagnosed between January 1995 and
June 2017, 1327 patients met the inclusion criteria and
constituted the final study population of patients with a
nonmetastatic second breast event. Of these, 945 (71%) had
undergone mastectomy (standard pathway) and 382 (29%)
conservative treatment (Fig. 1). We excluded 73 patients
who presented a time length between primary and salvage
surgery of less than 12 months (n = 40), a second breast
event date before January 1, 1995 (n = 31), and bilateral
breast cancer (n = 2). All demographic, clinicopathologic,
and treatment-related variables for the entire cohort are
presented in Table 1, according to type of salvage surgery.
Multiple imputation was performed to complete missing
data for tumor size (20%), histologic type (16.8%), histo-
logic grade (21.7%), Her2 status (22.8%), and hormone
therapy (19.1%).

In the unmatched data set, compared with patients who
underwent conservative treatment, patients treated with
mastectomy were generally younger with longer median
follow-up and a shorter time between primary and salvage
surgery. They also had more unfavorable tumor character-
istics (tumor > 30 mm, histologic grade 3, negative hor-
monal receptor status) and more often received adjuvant
chemotherapy and less frequently hormonal therapy.

Conservative treatment was used more frequently after
2002 compared with the period from 1995 to 2002. Radi-
ation therapy—specific data for the conservative treatment
cohort are shown in Table E1 and Figure E2. On the basis
of the variables retained in these regression models, pro-
pensity scores for the use of mastectomy and conservative
treatment were calculated to enable independent patient
matching. The 1:1 matching for mastectomy versus con-
servative treatment resulted in 377 matched pairs and a
sample size of 754 patients (Table 1).

Regarding death from any cause, 315 (84%) of 377
patients survived in the conservative treatment group
compared with 310 (82%) in the mastectomy group. After a
median follow-up of 75 months (interquartile range, 42-
119) for the matched 1:1 data set, Kaplan-Meier analysis
and the log-rank test showed that conservative treatment
was associated with similar overall survival compared with
mastectomy, with 5-year overall survival rates of 86.7%
versus 87.5% for conservative treatment and mastectomy,
respectively (HR, 0.91; 95% CI, 0.64-1.28; P = .6)
(Table 2; Fig. 2).
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e Endocrine therapy
e Chemotherapy

Fig. 1.

As shown in Table 2, no significant differences were
observed between the conservative treatment and mastec-
tomy groups for 5-year cumulative incidence of third
ipsilateral breast tumor (2.8% vs 2.3%; HR, 1.4; 95% CI,
0.66-2.94; P = .4), 5-year cumulative incidence of regional
relapse (2.3% vs 1.6%; HR, 2.3; 95% CI, 0.88-6.10;
P = .08), 5-year cumulative incidence of distant metastasis
(9.3% vs 14.1%; HR, 0.77; 95% CI, 0.52-1.12; P = .2),
5-year disease-free survival (82.5% vs 78.6%; HR, 0.92;
95% CI, 0.68-1.24; P = .6), and 5-year specific survival
(91.2% vs 91.8%; HR, 0.81; 95% CI, 0.53-1.21; P = .3)
(Fig. 2).

To verify whether conservative treatment could nega-
tively affect the oncologic outcome, post hoc sensitivity
analysis stratified by treatment center was performed. With
a total of 428 patients (214 in each treatment cohort), no
significant differences for overall survival were observed
between the 2 groups (HR, 0.91; 95% CI, 0.57-1.43;
P = .7). Similar results were noted for oncological sec-
ondary endpoints (Table E4; Fig. E3). These results
confirmed that oncologic outcome after second breast event
was not significantly affected by the type of salvage treat-
ment (conservative treatment or mastectomy).

Factors associated with oncological outcomes for the
matched data set (754 patients) were investigated by uni-
variate and multivariate analysis, including propensity score
items and salvage local treatment. In multivariate analysis,
tumor size (>30 mm) and time between primary and salvage
surgeries (<36 months) were considered to be prognostic
factors for all oncologic outcome items except for third
breast event—free survival. Salvage surgery period (patients
treated before 2002) was prognostic for metastatic disease-

Flow chart.

free survival and disease-free survival. Age (<48 years) was
a prognostic factor for specific survival (Table ES5).

In the conservative treatment cohort (n = 377), 283
patients (75%) experienced postsalvage treatment compli-
cations, which are summarized in Table 3. Grade 3 and
worse toxicities were observed in 9.5% of patients, mostly
cutaneous (24.7%) and subcutaneous fibrosis (42.1%).
Breast deformation, hyperpigmentation, telangiectasia, and
ulceration were observed in 12.4%, 10.2%, 8.8%, and 1.8%
of cases, respectively.

Among the 377 patients who underwent conservative
treatment, 15 (4%) received postsalvage treatment mas-
tectomy after a third breast event (11 patients) or compli-
cations (grade 3, 2 patients; grade 4, 2 patients), leading to
a 5- and 10-year cumulative incidence of mastectomy of
3.1% (95% CI, 1.00-5.10) and 6.7% (95% CI, 2.80-10.40),
respectively (Fig. E4). According to the Harvard criteria,
cosmetic results were obtained from 212 patients (56.2%)
and were rated as excellent (99 patients; 46.7%), good (71
patients; 33.5%), fair (27 patients; 12.7%), and poor (15
patients; 7.1%).

Discussion

In our real-world multicenter cohort of patients with a
nonmetastatic second breast event, breast-conserving sur-
gery plus tumor bed reirradiation with interstitial brachy-
therapy resulted in a 5-year overall survival rate that was
not significantly different from patients treated with mas-
tectomy. To our knowledge, the present study is the first
population-based analysis specifically comparing these 2
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Table 1
treatment before and after propensity matching

Baseline characteristics for patients who underwent salvage mastectomy versus those who received second conservative

Unmatched (complete) data set

Matched (1:1) data set

Second Second
Salvage conservative Salvage conservative
mastectomy treatment mastectomy treatment
(N = 945) (N = 382) P value (N = 377) (N = 377) P value
Age (minimum-maximum), y 60 (27.8-89.3) 64 (27.5-90.3) <.001*  62.7 (31.1-89.3)  62.4 (27.5-90.3) 4%
Time between primary and 8.34 (1-35.3) 10.56 (1.1-35.3) <.001*  10.1 (1.1-35.3) 10.3 (1.1-35.3) 61%
salvage surgery (range), y
Salvage surgery period 004" 95!
On or before December 31, 133 (14.1%) 29 (7.6%) 30 (8.0%) 29 (7.7%)
2001
January 1, 2002-December 413 (43.7%) 185 (48.4%) 187 (49.6%) 184 (48.8%)
31, 2009
On or after January 1, 2010 399 (42.2%) 168 (44.0%) 160 (42.4%) 164 (43.5%)
Median follow-up, mo 78 (71.9-83.9) 73.2 (67.5-78.8) 03¢ 75.4 (65.4-83.3)  73.8 (67.5-80.8) 9
Tumor size <.001" 88!
Strictly inferior <30 mm 750 (79.4) 355 (92.9) 349 (92.6) 350 (92.8)
Inferior or equal >30 mm 195 (20.6) 27 (7.1) 28 (7.4) 27 (7.2)
Histologic type 0517 6731
Invasive ductal (no special 772 (81.7) 334 (87.4) 327 (86.7) 323 (85.7)
type)
Invasive lobular and others 173 (18.3) 48 (12.6) 50 (13.3) 54 (14.3)
Histologic grade <.001" 9
1 80 (8.5) 72 (18.8) 62 (16.4) 66 (17.5)
2 489 (51.7) 187 (49.0) 188 (49.9) 183 (48.5)
3 376 (39.8) 123 (32.2) 127 (33.7) 128 (34.0)
Hormonal receptor status 078! 66
Positive 696 (73.7) 299 (78.3) 287 (76.1) 292 (717.5)
Negative 249 (26.3) 83 (21.7) 90 (23.9) 85 (22.5)
Her2 status 6841 441
Nonoverexpressed 793 (83.9) 324 (84.8) 307 (81.4) 315 (83.6)
Overexpressed 152 (16.1) 58 (15.2) 70 (18.6) 62 (16.4)
Hormone therapy 02 48!
Yes 574 (60.7) 258 (67.5) 262 (69.5) 253 (67.1)
No 371 (39.3) 124 (32.5) 115 (30.5) 124 (32.9)
Chemotherapy <.001" 79!
Yes 329 (34.8) 84 (22.0) 87 (23.1) 84 (22.3)
No 616 (65.2) 298 (78.0) 290 (76.9) 293 (77.7)

* Wilcoxon’s test.
T o2 test.
i Log-rank’s test.

types of salvage options by means of a propensity score
matching method, given that a phase 2 trial requiring
enrollment of approximately 3600 patients would be diffi-
cult to perform (Material and Methods E1).2 1018

In the medical literature, mastectomy has always been
presented as the standard of care for a second breast event.
Nevertheless, since the early 1990s, conservative treatment
based on lumpectomy alone or combined with tumor bed
reirradiation has been investigated in small retrospective
cohorts.'” GEC-ESTRO® reported consistent results from a
cohort of 217 patients (median follow-up, 47 months)
treated with lumpectomy plus brachytherapy. Recently,

Arthur et al’ presented the results of the RTOG-1014 trial,
which evaluated oncologic outcome and toxicity after
conservative treatment combining lumpectomy with tumor
bed external beam reirradiation (65 patients; median
follow-up, 66 months). Walstra et al’’ considered second
conservative surgery combined with reirradiation to be a
“reasonable alternative” to mastectomy in selected patients
with a second breast event. Retrospective unmatched
comparisons between mastectomy and conservative treat-
ment have been reported. However, these studies were
based on small samples or single institution analyses,
leading to debatable conclusions due to inevitable selection
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Table 2

treatment (n = 377) after propensity score matching

Comparison of oncological outcome at 5 and 10 years between salvage mastectomy (n = 377) and second conservative

No. of cumulative

Oncologic outcomes events, n (%) AtSy, % (range) At 10y, % (range) HR (95% CI) P value

Cumulative incidence of third

ipsilateral breast tumor event
Salvage mastectomy 12 (3.2) 2.3 (0.7-3.9) 3.8 (1.1-6.5) 1 4
Second conservative treatment 16 (4.2) 2.8 (0.8-4.7) 6.3 (2.5-9.9) 1.4 (0.66-2.94)
Cumulative incidence of regional relapse™
Salvage mastectomy 6 (1.6) 1.6 (0.0-3.1) 2.3 (0.2-4.3) 1 .08
Second conservative treatment 13 (3.4) 2.3 (0.6-3.9) 5.8 (1.8-9.6) 2.3 (0.88-6.10)
Cumulative incidence of distant metastasis
Salvage mastectomy 61 (16.2) 14.1 (10.0-18.0) 24.9 (18.0-31.2) 1 2
Second conservative treatment 46 (12.2) 9.3 (5.9-12.6) 16.4 (10.5-21.3)  0.77 (0.52-1.12)
Disease-free survival'
Salvage mastectomy 87 (23.0) 78.6 (74.0-83.5) 67.8 (61.4-74.8) 1 .6
Second conservative treatment 80 (21.2) 82.5 (78.2-87.0) 71.6 (65.3-78.6)  0.92 (0.68-1.24)
Specific survival
Salvage mastectomy 50 (13.3) 91.8 (88.6-95.1) 79.3 (73.2-85.9) 1 3
Second conservative treatment 41 (10.8) 91.2 (87.9-94.7) 84.0 (78.7-89.7)  0.81 (0.53-1.21)
Overall survival
Salvage mastectomy 67 (17.8) 87.5 (83.0-90.8) 74.7 (67.4-80.6) 1 .6
Second conservative treatment 62 (16.4) 86.7 (82.1-90.2) 75.4 (68.3-81.2)  0.91 (0.64-1.28)

* Regional relapse defined as axilla, supraclavicular fossa, and internal mammary chain.
T Any breast cancer-related event, including local, regional, or distant relapse; breast cancer death; or death from any cause.

bias.”’”’ Two propensity score matching analyses,

although based on the same Surveillance, Epidemiology,
and End Results database, reported contradictory and
inconclusive results.'®** Furthermore, they regrouped in
the second conservative treatment cohorts undifferentiated
repeat lumpectomy with or without reirradiation.

We reported an overall survival rate after conservative
treatment of 86.7% and 75.4% at 5 and 10 years, respec-
tively (Table 2; Appendix E1, p 6). GEC-ESTRO® reported
similar results with 88.7% and 76.4% at 5 and 10 years,
respectively, whereas Arthur et al’ described a 5-year
overall survival rate of 95% with a cohort including 40%
of ductal carcinoma in situ. In the propensity score
matched-pair analysis reported by Su et al,'® the authors did
not observe any significant difference in terms of overall
survival between mastectomy and lumpectomy plus reir-
radiation (HR, 1.15; 95% CI, 0.87-1.53; P = .35).

Regarding third breast event—free survival, we did not
observe a significant difference between mastectomy and
conservative treatment at 5 and 10 years (97.7% vs 97.2%
and 96.2% vs 93.7%, respectively). In the GEC-ESTRO
study,” the rates of third ipsilateral breast event—free sur-
vival were 94.4% and 92.8% at 5 and 10 years, respectively,
and 94.8% at 5 years in the RTOG-1014 trial.” We can note
these very encouraging results in cohorts treated with par-
tial breast reirradiation regardless of partial breast irradia-
tion classification criteria.”> This technique was also only
validated for primary low-risk breast cancers.”® However,
Montagne et al'' reported that, in cases of second

conservative treatment, this classification was an indepen-
dent prognostic factor for a third breast event.

We did not observe a significant difference in terms of
cumulative incidence of a third breast event at 5 and 10
years (P = .4); however, with longer follow-up, this risk
could be higher after second conservative treatment
compared with mastectomy (2.8% vs 2.3% and 6.3% vs
3.8% at 5 and 10 years, respectively). Nevertheless, this
appears to not have a significant negative effect on specific
or overall survival (84% vs 79.3% and 75.4% vs 74.7% at 5
and 10 years, respectively). Interestingly, for primary breast
cancer and with a 20-year medical follow-up, Veronesi
et al’ reported a similar observation with a local relapse
cumulative incidence of 8.8% versus 2.3% (P <.001) after
conservative treatment or mastectomy, respectively, but
without significant deleterious effect on specific or overall
survival.

Regarding distant metastasis-free survival, we observed
no significant difference between mastectomy and conser-
vative treatment at 5 and 10 years (85.9% vs 90.7% and
75.1% vs 83.9%, respectively). These results are consistent
with those already reported by GEC-ESTRO® (at 5 years:
88.9%; 95% CI, 84.3-93.9) and Arthur et al’ (at 5 years:
95%; 95% ClI, 85-98).

Interestingly, for primary breast cancer in hypofractio-
nated versus conventional whole breast irradiation ran-
domized trials, the 5-year cumulative incidence of local
recurrence (second breast event) was approximately 2.8%
(range, 1.7%-5.2%) (Table E6), whereas in phase 3 partial
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Fig. 2. Comparison of the oncological outcome between salvage mastectomy (n = 377) and second conservative treatment
(n = 377) in the matched data set. (A) Cumulative incidence of third ipsilateral breast tumor event. (B) Cumulative incidence
of regional recurrence. (C) Cumulative incidence of distant metastasis. (D) Disease-free survival rate. (E) Specific survival

rate. (F) Overall survival rate.

breast irradiation trials, the rate was 1.7% (range, 0.4%-
4.6%) (Table E6). With a 5-year cumulative incidence of
third breast events of 2.8%, second conservative treatment
with partial breast reirradiation appears to offer comparable
results. However, in the conservative treatment cohort, the
5-year cumulative incidence of distant metastasis was
9.3%, which is higher than the results observed in partial

breast irradiation trials (2.7% [range, 0.8%-5.7%]) (Table
E7) and slightly higher than those observed in hypo-
fractionated trials (7.8% [range, 4.7%-12.6%]) (Table E7).
These results suggest that local control is not clinically
prejudiced by a second conservative treatment. In fact, the
oncologic outcome could be mainly influenced by distant
metastasis progression from the second breast event itself
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Fig. 2.

but also by the primary tumor specifically in cases
involving a short time between primary and salvage breast
surgery (<36 months). This latter situation results in these
patients being recommended for systematic staging and in-
depth discussion regarding systemic therapies (Fig. ES).
This analysis contains a number of limitations. As in all
observational studies, and despite extensive corrections, our
results could have been influenced by unknown residual
confounding. During the long study period, diagnostic
methods and therapeutic strategies for second breast events
evolved, leading us to assume that some patients in our
cohort did not benefit from current treatment options
(repeat sentinel lymph node biopsy or systemic therapies).
The absence of some data in our study could be considered
a limitation. For example, data from primary tumors were
not systematically and exhaustively recorded, mainly for

T T T T T T

T T T
0 12 24 36 48 60 72 84 96 108 120
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Number at risk

Salage mastectomy 377 345 314 278 240 197 172 140 112 90 69
Second conservative treatment 377 351 319 284 240 199 168 129 104 g9 67

Cumulative number of censoring
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Second conservative treatment O 24 51 78 112 140 167 201 225 238 256

Overall survival rate

(Continued)

patients who experienced their second breast event before
2005. In addition, comorbidities that could have had a
competitive effect on clinical outcome were not taken into
account. Nevertheless, we believe that our key message
remains unaffected.

Despite these limitations, our results provide convincing
evidence that conservative therapy with re-lumpectomy and
salvage brachytherapy is at least equivalent to mastectomy
for the treatment of second ipsilateral breast tumor events.
Even if mastectomy with immediate reconstruction is still
the most commonly proposed salvage treatment, its effect
on body image, self-confidence, and quality of life remains
heavy.”’”® Furthermore, van Maaren et al*’ even reported
an improvement in long-term overall survival after con-
servative treatment versus mastectomy for primary breast
cancer.

Table 3 Complications (type and grade) observed in the second conservative treatment cohort (283 complications observed for 377
patients)
Grade 1 Grade 2 Grade 3 Grade 4 Total

Complications n % n n % n % n %
Cutaneous fibrosis 47 34.8 21 17.4 2 8.0 0 0.0 70 24.7
Sub-cutaneous fibrosis 38 28.1 67 55.4 13 52.0 1 50.0 119 42.1
Telangiectasia 15 11.2 9 7.4 1 4.0 0 0.0 25 8.8
Hyperpigmentation 21 15.6 7 5.8 1 4.0 0 0.0 29 10.2
Ulceration 1 0.7 0 0.0 3 12.0 1 50.0 5 1.8
Deformation 13 9.6 17 14.0 5 20.0 0 0.0 35 12.4
Total 135 47.7 121 42.8 25 8.8 2 0.7 283 100
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Conclusions

These findings can inform the decision-making process in
patients with second breast events and support the imple-
mentation of conservative treatment as a validated salvage
therapy. In this context, reirradiation of the tumor bed is
warranted to improve local control (as for primary dis-
ease).'® Currently, interstitial brachytherapy after re-
lumpectomy provides the most consistent data with the
longest follow-up. However, investigations are currently
ongoing into different reirradiation techniques that could
encourage the spread of the second conservative approach
for patients who refuse salvage mastectomy.””
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