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Abstract 
Breast Conserving Surgery (BCS) is a rapidly emerging field increasingly 
adopted to facilitate breast conservation and preserve breast aesthetics. Since 
the publication of the Randomized Controlled Trials (RCTs) of Breast Con-
serving Surgery versus mastectomy in early breast cancer, the adoption of BCS 
for breast cancer patients’ surgical management has been comprehensive. A 
computerized bibliographic search was performed on PubMed/MEDLINE, 
Embase, Google Scholar and Cochrane library databases. This article aims to 
perform a thorough review of new data regarding invasive cancer and mar-
gins while evaluating patient outcomes related to BCS after neoadjuvant 
chemotherapy focusing on margins, imaging evaluation, the extent of resec-
tion, and local regional recurrence outcomes. The growth pattern and biopsy 
of Ductal Carcinoma In Situ (DCIS) differ from invasive cancer, impacting 
margins. It is essential to understand how the Society of Surgical Oncology 
(SSO) DCIS margin guideline has influenced practice. Early breast cancer 
surgical management should be unique to each patient, driven by evi-
dence-based medicine, and focused on specific clinical, histological, and mo-
lecular characteristics of the tumor. Conclusion: The current management 
for early breast cancer should be tailored and evidence-based to each patient 
based on the clinical, histological and molecular characteristics of the tumor. 
Presumably, the standard of care in BCS has enhanced the outcomes for this 
patient population. This review made by peers will help surgeons to stay up to 
date with the current literature and help them manage breast cancer while 
improving multiple clinical parameters such as Disease-Free Survival (DFS), 
Recurrence-Free Survival (RFS) and most importantly Overall Survival (OS). 
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Survival (RFS), Distant-Disease-Free Survival (DDFS), Overall Survival (OS), 
Ductal Carcinoma in Situ (DCIS), Neoadjuvant Chemotherapy (NAC) 

 

1. Introduction 

Mastectomy rates in the United States have been rising even though the only 
microscopic margin width in the Randomized Control Trials (RCTs) determin-
ing the safety of Breast Conserving Surgery (BCS) was “no ink on tumor”. 
Re-excision rates to obtain wider negative margins are common among surgeons 
due to the false belief that a wider margin is better. An example of these RCTs 
was the National Surgical Adjuvant Breast and Bowel Project (NSABP) B06 [1]. 
This has led to a collaboration between the Society of Surgical Oncology (SSO) 
and the American Society for Radiation Oncology (ASTRO) to implement con-
sensus guidelines on the appropriate margin width for invasive breast cancer [2]. 

The NSABP B06 trial was a RCT that was initiated in 1976 to determine whether 
lumpectomy with or without radiation therapy was as effective as total mas-
tectomy for the treatment of invasive breast cancer [1]. A total of 1851 women 
were randomly assigned treatment consisting of total mastectomy, lumpectomy 
alone, or lumpectomy and breast irradiation. The cumulative incidence of tumor 
recurrence in the ipsilateral breast was 14.3% in women who underwent a lum-
pectomy and breast irradiation compared with 39.2% in women who underwent 
lumpectomy without irradiation (P < 0.001). No significant differences were ob-
served among the three groups of women concerning Disease-Free Survival (DFS), 
Distant-Disease-Free Survival (DDFS), or Overall Survival (OS) [1]. This study 
validated that lumpectomy followed by breast irradiation was a satisfactory al-
ternative to total mastectomy for the management of women with breast cancer, 
providing that the margins of the resected specimens are free of tumor (“no ink 
on tumor”), and a suitable cosmetic result can be obtained [1]. 

2. Discussion 

A population-based study evaluating the outcomes of the initial BCS was re-
ported by Morrow et al. [2], which included 800 patients who acknowledged that 
physicians are good at selecting who should undergo BCS versus mastectomy. In 
this study, 88% of the women who wanted BCS ended up with the procedure, 
but only 22% of the study participants had to have re-excision to obtain ade-
quate margins, which meant that 34% of the women needed more than one sur-
gery (this included the patients who had to be converted to mastectomy). The 
study evaluated the rates of re-excision based on stage (Table 1). Re-excision 
rates were highest among DCIS patients, which was not surprising because DCIS 
cannot be seen or palpated during surgery. Re-excision rates in stage 1 and 2 pa-
tients occurred in approximately a quarter of the patients [2]. 

During this same period, we saw rising rates of re-excision and mastectomies; 
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we identified a paradoxical improvement in breast cancer outcomes [2]. After 
BCS, local regional recurrences (LRR) were decreasing, and RCTs demonstrated 
the safety of treating subclinical disease in the axilla in a non-surgical approach 
[2] [3]. 

A study of over 86,598 women enrolled in phase 3 clinical trials by Bouganim 
et al. [4] showed that from 1985 to 2010 LRR, as a proportion of all recurrences, 
decreased from 30% to 15%, and this was true whether or not women were re-
ceiving chemotherapy or endocrine therapy. Physicians were also accepting the 
concept that microscopic disease could be left behind in the axillary lymph 
nodes. This was illustrated in the International Breast Cancer Study Group 
(IBCSG) 23-01 trial (micro-metastasis) and the American College of Surgeons 
Oncology Group (ACOSOG) Z0011 trial (macro-metastasis) (Table 2) [3] [5] 
because they could depend on chemotherapy, endocrine therapy, and the edge of 
the radiation field to control this residual disease. 

Patients with pathologically negative sentinel lymph nodes do not require 
completion Axillary Lymph Node Dissection (ALND); however, the manage-
ment of patients with Isolated Tumor Cells (ITCs) and micro-metastatic disease 
in the sentinel lymph nodes has been extensively debated. The micro-metastatic 
disease is defined as tumor deposits spanning 0.2 mm to 2.0 mm within lymph 
nodes [6]. ITCs are groupings of cells not greater than 0.2 mm or 200 cells in a 
single lymph node cross-section [6]. According to the American Joint Commit-
tee on Cancer (AJCC) staging guidelines, patients with ITCs are N0(i+), whereas 
patients with micro-metastases in one to three axillary lymph nodes are N1mi [6]. 

The ACOSOG Z0010 trial is one of the leading trials to prospectively assess 
the importance of small metastases in sentinel lymph nodes. Hematoxylin and 
eosin (H&E) tumor-free sentinel nodes from patients with early breast cancer 
were evaluated in a central laboratory with immunohistochemistry (IHC) [7]. 
Micro-metastatic or ITC disease was found in 11% of the 3326 examined senti-
nel lymph nodes. With a median follow-up of 6.3 years, occult sentinel lymph  

 
Table 1. Rates of re-excision by cancer stage [1]. 

No Additional Surgery 62.1%  

Re-excision: 

DCIS 

Stage 1 

Stage 2 

 

30.7% 

23.7% 

24.0% 

p < 0.001 

 
Table 2. Non-surgical management of microscopic axillary nodal disease [2] [3]. 

 IBCST 23-01 ACOSOG Z0011 

Positive Nodes after ALND 13% 27% 

5-year Regional Recurrence 1% 0.9% 

Disease Free Survival (DFS), Overall Survival (OS) No change vs ALND No change vs ALND 
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node metastases were not associated with differences in OS, DFS, or recurrence 
when compared with patients with IHC-negative lymph nodes [7]. 

A subset analysis of NSABP-B32 retrospectively examined patients with occult 
metastatic disease, including patients with micro-metastatic or ITCs [8]. Sixteen 
percent of sentinel node-negative patients had occult metastases detected on 
further evaluation. Eleven percent of occult metastases were ITC clusters, 4% 
were micro-metastases, and less than 1% of patients had macro-metastatic depo-
sits seen on further sectioning of the lymph node. Log-rank tests showed that 
patients with occult metastasis had inferior OS (95% versus 96%), DSF (87% 
versus 89%), and DDFS (90% versus 93%) when compared with patients without 
occult metastases [8]. Even though these are statistically significant, these dif-
ferences were not felt to be clinically relevant. There was no improvement in OS 
or DFS when patients with occult metastasis underwent completion ALND. 

The IBCSG 23-01 trial randomized 934 patients with sentinel lymph nodes 
with micro-metastasis (2.0 mm or less in diameter) to ALND or no ALND [5]. 
Following a median follow-up of 60 months, there was no statistical difference in 
breast cancer–related events or DFS between the patients who underwent ALND 
(#464) and the patients who underwent sentinel lymph node biopsy (SLNB) 
alone (#467). The number of regional axillary events was low: one in 464 pa-
tients (less than 1%) in the ALND group and five in 467 patients (1%) in the 
no-ALND group. The 5-year OS was 84% for the group with ALND and 88% for 
the group without ALND, and the SLNB alone group was found to be non-inferior 
to ALND in this study [5]. 

These three studies prospectively collected data that indicate that ALND does 
not improve OS or DFS for patients with occult lymph node metastasis and is not 
recommended for these patients [5] [7] [8]. The College of American Pathologists 
(CAP) also advises against the routine use of IHC on sentinel lymph nodes [9]. 

It did not appear to make sense that if the same microscopic residual disease is 
located in the center of the radiation field in an intact breast, more surgery to 
obtain wider margins to achieve better local control would be appropriate. In 
2014 the SSO and ASTRO conducted an evidence-based consensus by reviewing 
33 studies (870 abstracts screened) with 28,162 patients (1506 local recurrences) 
and performed a metanalysis with whole breast radiation and a minimum of 4 
years follow-up (mean/median) as eligibility criteria [10]. The crude local recur-
rence rate was very low at 5.3% (range: 2.3% to 7.6%), with the key finding was 
that the outcomes based on the different margin thresholds showed no evidence 
that a wider margin decreased local recurrences (Table 3). 

The consensus statement published by the SSO and ASTRO mentioned that 
negative margins (no ink on tumor) optimize local control, wider margins do 
not significantly improve local control, and the routine/standard practice of 
obtaining wider margins than no ink on tumor is not indicated [11]. They also 
commented that wider margins might have suggested a small benefit in the 
past, but today’s multidisciplinary systemic therapies obviate the need for wider 
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margins and that avoidance of routine re-excision benefits patients and decrease 
healthcare costs [11]. The essential point is that the consensus guidelines do not 
say re-excision to obtain wider margins is always inappropriate and recognizes 
that multiple factors beyond tumor burden influence local recurrence. 

When performing clinical research, one important question to ask is if the 
guidelines have changed the clinical practice? Three studies performed before 
developing the SSO/ASTRO guidelines surveyed surgeons on what margins they 
use. As demonstrated in Table 4, no ink on tumor was not very popular, with 
fewer than 20% of physicians using these criteria [12] [13] [14]. 

Two studies evaluated the trends on margins after the SSO/ASTRO guideline 
was published in 2014 (Table 5) [15] [16]. The first study was a survey of mem-
bers of the American Society of Breast Surgeons (ASBrS), which showed that 
99% of them endorsed the margin guideline [15]. The second study was a popu-
lation-based study using the Los Angeles and Georgia Surveillance, Epidemiolo-
gy, and End Results (SEER) registries, where 69% of surgeons endorsed the mar-
gin guideline [16]. 

These studies showed us that surgeons were at least endorsing the new margin 
guideline but did this change the outcomes? A National Cancer Data Base 
(NCDB) study between 2004 and 2010 revealed that the rates of re-excision were 
stable, around 23% (62% re-excision, 38% mastectomy), with only a 2.9% change 
(Table 6) [17]. This exemplifies that during this time frame, no slow trend toward  

 
Table 3. Local recurrence and threshold margin distance [4]. 

Threshold Distance (mm) Odds Ratio (OR) 95% CI 

1 mm Margin 1.0  

2 mm Margin 0.91 0.46 - 1.80 

5 mm Margin 0.77 0.37 - 1.88 

 
p association 0.90 

p trend 0.58 
 

 
Table 4. Studies showing surgeons pre-guideline margin preference [5] [6] [7]. 

Number of Surgeons, Year 
Blair et al. 

N = 351, 2009 
Parvez et al. 

N = 1447, 2009 
Azu et al. 

N = 318, 2005 to 2007 

% No Ink on Tumor 15% 18% 11% 

 
Table 5. Studies showing surgeons post-guideline margin preference [8] [9]. 

Number of Surgeons, Year 
De Snyder et al. 
N = 777, 2014 

Morrow et al. 
N = 342, 2014 to 2015 

% No Ink on Tumor 99% 69% 

 
Table 6. Rates of Re-Excision Based on the NCDB [10]. 

 2004 2010 

Rate of Re-Excision (%) 25.4% 22.5% 
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smaller margins was occurring. 
In a study of 1205 women performed at the Memorial Sloan Kettering Cancer 

Center (MSKCC), the number of women that did not undergo re-excision in-
creased from 79% to 85% within the first six-months of guideline acceptance 
(Table 7) [18], which was statistically significant (p = 0.017). This was not due to 
an increase in the mastectomy rate, which remained stable pre- and post-guideline 
adoption (0.4% vs. 0.9%). 

Mamtani et al. showed that the rates of re-excision in invasive lobular carci-
noma (ILC) after the implementation of the SSO/ASTRO margin guideline de-
creased from 31% to 23%, which was statistically significant (p = 0.01) [19]. 
Another study evaluating the trend of decrease margin re-excision was per-
formed by Morrow et al. [16]. Using the Los Angeles and Georgia SEER regi-
stries, they evaluated women between 20 and 79 years of age diagnosed with 
stage I and II breast cancer between April 2013 and April 2015 (the period that 
expands the guideline dissemination). The results showed that the initial lum-
pectomy rate remained constant (68%) during the study period and that the 
overall lumpectomy rate continued to be stable at 63%, while the unilateral and 
bilateral mastectomy rates decreased [16]. This was due to a significant decrease 
in the re-excision rates and decreased conversion from BCS to mastectomy rates 
(Table 8) [16]. 

The net effect of the implementation of the SSO/ASTRO margin guidelines 
was that women who started by being candidates for BCS increased their like-
lihood of ending up with BCS (52% vs. 65%) and a substantial decrease in unila-
teral and bilateral mastectomy (Table 9) [16]. 

Multiple studies have been published that looked at the changes in the re-excision 
rates pre and post SSO/ASTRO margin guideline implementation [11]. The vast 
majority of these studies show a statistically substantial decline in re-excision 
use [20] (Table 10). One of the publications that did not reveal a statistically  

 
Table 7. Impact of margin guidelines on re-excision at the MSKCC [11]. 

Number of Re-Excisions 
Pre-Guideline 

N = 504 
Post-Guideline 

N = 701 
p-Value 

0 78.6% 84.9% 0.017 

1 19.2% 14%  

2 2.0% 0.9%  

≥3 0.2% 0.3%  

Mastectomy after BCS 0.4% 0.9% 0.480 

 
Table 8. Summary results of the study period [9]. 

 April 2013 April 2015 

Re-Excision Rates 21% 14% 

Conversion to Mastectomy Rates 
13% 

p < 0.001 
4% 
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significant decrease in the re-excision rates was published by Heelan et al. [21], 
which did not have very high re-excision rates before the release of the guide-
lines suggesting that they might have been using the guideline before its imple-
mentation. 

A recent metanalysis that evaluated seven studies with 16,282 patients 
pre-guidelines and 15,900 patients post-guidelines identified a reduction in the 
re-excision rates from 22% to 14%, with and odds ratio (OR) of 0.65 (0.54 to 
0.78), which was statistically significant (p < 0.0001) [20]. 

In summary, the SSO/ASTRO margin guidelines resulted in a relatively quick 
change in surgeon’s attitudes, which translated into an eight percent decrease in 
the re-excision rates in the early post-guideline period, which led to the decline 
in the mastectomy rates. This number might continue to decrease with further 
follow-up as more surgeons continue to adopt the guideline. 

BCS after Neoadjuvant Chemotherapy 
Neoadjuvant Chemotherapy (NAC) has usually been administered in cases of 

inoperable or locally advanced breast cancer to downsize the primary tumor and 
nodal disease to facilitate local-regional therapy with surgery and/or radiation 
[26]. Given this approach’s success in locally advanced disease, combined with 
adjuvant systemic therapy’s known benefits, neoadjuvant chemotherapy has also 
been assessed to manage patients with operable breast cancer. 

A well-recognized role of neoadjuvant chemotherapy is the ability to improve 
surgical options for patients by downsizing tumors and increasing the chances 
for breast conservation [27] [28] [29] [30] [31]. In the landmark National Surgical  

 
Table 9. Final surgical treatment [9]. 

 April 2013 April 2015 

Breast Conserving Surgery 52% 65% 

Unilateral Mastectomy 27% 18% 

Bilateral Mastectomy 
21% 

p = 0.002 
16% 

 
Table 10. Studies of re-excision rates pre- and post SSO/ASTRO guideline publication 
[12]. 

Author  #Patients 
Re-excision  

Rate Pre 
Re-excision  

Rate Post 
Delta p-value 

Schulman [13] ASBS Mastery 26, 102 20.2% 16.5% 3.7% <0.005 

Morrow [9] SEER 1976 27.3% 18.2% 9.1% <0.001 

Rosenberger [11] MSKCC 1205 21.4% 15.1% 6.3% 0.006 

Patten [14] Carolinas 954 20.4% 16.3% 4.1% 0.1 

Heelan [15] U Col 863 11.9% 10.9% 1% 0.65 

Chung [16] Cedars Sinai 845 19.3% 12.9% 6.4% 0.03 

Bhutiani [17] Louisville 237 36.5% 9.0% 27.5% <0.001 
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Adjuvant Breast and Bowel Project (NSABP) B-18 trial [28], 1523 patients with 
primary operable breast cancer were randomized to either preoperative or post-
operative systemic therapy with four cycles of standard doxorubicin (60 mg/m2) 
plus cyclophosphamide (600 mg/m2) (AC) given every three weeks. In this trial, 
preoperative therapy’s administration increased the proportion of patients who 
received breast conservation surgery by 12% (the breast conservation therapy 
rate increased from 60% to 68%) [28]. This result has been confirmed in other 
studies, suggesting that neoadjuvant chemotherapy can enable the downsizing of 
tumors and reduce mastectomy rates in favor of breast conservation therapy. 
Critical to this approach’s success and widespread adoption demonstrated com-
parable distant disease control with neoadjuvant chemotherapy versus adjuvant 
chemotherapy. In the NSABP B-18 trial, at a mean of 9.5 years of follow-up, no 
significant differences were seen in disease-free and overall survival rates be-
tween the two randomized groups (69% vs 70%, P = 0.80; 55% vs 53%, P = 0.50, 
respectively) [28] [31]. Similar results have been observed in other randomized 
studies, and a recent pooled meta-analysis demonstrated that both approaches 
provide equivalent survival outcomes for patients [32]. Consequently, neoadju-
vant chemotherapy is a safe alternative to adjuvant therapy, especially in patients 
in whom breast conservation therapy is desired. 

Data from multiple studies have shown that when the same regimens are uti-
lized, no survival advantage has been identified between neoadjuvant and adju-
vant chemotherapy [27] [28] [29] [30] [31]. The two landmark trials that estab-
lished that there is no survival advantage between neoadjuvant and adjuvant 
chemotherapy were the NSABP B-18 (roughly 1500 patients treated with adria-
mycin and cyclophosphamide, 16 years follow-up) [28], and the NSABP B-27 
(approximately 2300 patients treated with adriamycin, cyclophosphamide, and 
taxanes, 8.5 years follow-up) [33]. 

Evolving evidence is demonstrating that the degree of pathologic response 
correlates with both disease-free survival (DFS) and overall survival (OS) out-
comes [34]. These are breast cancer subtype dependent with the more aggressive 
subtypes, like triple-negative breast cancers (TNBC) and HER2 positive breast 
cancers, having much higher pathologic response rates than hormone recep-
tor-positive cancers [34]. TNBC have a pathologic complete response (pCR) rate 
of 34%, HER2 positive hormone receptor-negative cancers have a pCR rate of 
50%, HER2 positive hormone receptor-positive cancers have a pCR rate of 30%, 
and hormone receptor-positive cancers have a pCR rate of 7% to 16% [34]. This 
data will help refine adjuvant therapy options in patients with TNBC and HER2 
positive breast cancers. 

An advantage of neoadjuvant chemotherapy is that it allows for down-staging 
of the disease, making breast conservation surgery (BCS) a possible option in 
patients with large tumors, and it reduces the need for axillary node dissection 
(Table 11). In these trials, tumor shrinkage was seen in 79% of patients, 36% had 
a clinical complete response rate (cCR), and 43% had a clinical partial response 
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rate (cPR). The NSABP B-18 identified that the patients with the most extensive 
tumors (5 cm or greater) had the best benefit of neoadjuvant therapy in terms of 
BCS [28] (Table 12). Multiple studies have shown that BCS after neoadjuvant 
chemotherapy is safe and did not result in higher local or regional recurrence 
[27] [28] [29] [30] [31]. The long-term results of NSABP B-18 and B-27 showed 
no difference in local and regional recurrence after neoadjuvant chemotherapy 
by surgery type (Table 13) [35]. More recent data from MD Anderson Cancer 
Center, in a series of 751 patients (between 2005 to 2012) in which all participants 
received appropriate preoperative taxane-based chemotherapy and appropriate 
HER2 targeted therapy [36]. All women undergoing BCT had excellent outcomes 
across all molecular subtypes with 5-year local and regional recurrence-free sur-
vival between 93% and 97% (Table 14). The highest pCR rate (72.4%) was seen in 
patients whose tumors were hormone receptor-negative/HER2 positive, and the 
lowest pCR (16.5%) was seen in patients whose tumors were hormone recep-
tor-positive/HER2 negative. One important point to note from the study is that 
not achieving a pCR in the hormone receptor-positive/HER2 negative patients 
was not associated with an inferior outcome; however, in the high-risk hormone 
receptor-negative subtypes, not achieving a pCR does result in higher rates of 
local and regional failure (Table 14), something that would’ve occurred if pa-
tients would have undergone mastectomy instead of BCS. 

A study from the National Cancer Data Base (NCDB) from 2006 to 2011 of 
354,202 patients with stage I to stage III breast cancer (47.8% of the study population  

 
Table 11. Neoadjuvant therapy and breast conserving surgery (BCS) [18]. 

Trial % BCS Neoadjuvant Therapy % BCS Surgery First 

Royal Marsden [19] 89% 78% 

Institut Curie [20] 82% 77% 

NSABP B-18 [21] 67% 60% 

EORTC [22] 37% 21% 

 
Table 12. NSABP B-18 breast conserving surgery (BCS) in Neoadjuvant therapy. 

Tumor Size Planned Lumpectomy Lumpectomy Performed 

All Patients 65% 67% 

Equal or Less than 2 cm 89% 81% 

2.1 cm to 5 cm 68% 71% 

Equal or Greater than 5 cm 3% 22% 

 
Table 13. Combined analysis of the NSAB B-18/27 [23]. 

Surgery 
10-Year Incidence of Local  

or Regional Recurrence 
Local Regional 

Mastectomy 12.3% 8.9% 3.4% 

Breast Conservation Surgery 10.3% 8.1% 2.2% 
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underwent BCS) shows that the use of neoadjuvant chemotherapy in patients 
undergoing BCS is gradually increasing, from approximately 14% in 2006 to 
about 20% in 2011 [37]. The use of neoadjuvant chemotherapy requires a multi-
disciplinary approach. 

The barriers to increasing BCS rates after NAC are that patients nowadays are 
more likely to choose mastectomy over BCS and that some patients are not good 
candidates for BCS regardless of their treatment (extensive DCIS that require 
excision of residual calcifications or MRI enhancement). Once we rule out con-
traindications for downstaging chemotherapy to make patients eligible for BCS, 
patients should be selected, taking into account tumor size, nodal status, ER, PR, 
HER2, histology (ductal vs. lobular), tumor grade, and genomic assays [38]. As 
surgeons, we need to evaluate the benefit of administering adjuvant chemothe-
rapy up-front. If a patient is not a candidate for adjuvant chemotherapy, there is 
no benefit for the surgeon to propose neoadjuvant chemotherapy [38] [39] [40]. 

Over 6072 consecutive patients were treated at MSKCC for ten years. Among 
the HER2 positive breast cancer patients, 50% were likely to have positive lymph 
nodes, and roughly 20% to 25% had a higher disease burden with four or more 
positive lymph nodes. This group was also more prone to having a larger T stage 
and higher rates of pCR. We believe that this group of patients should be offered 
neoadjuvant chemotherapy. In contrast, in the HER2 negative breast cancer 
group, patients were less likely to have positive lymph nodes, they were the least 
likely to have a high disease burden of positive lymph nodes, with only about 
10% with four or more positive nodes, and they were more likely to have smaller 
T stage and lower pCR rates. In this group, we should consider upfront surgery,  

 
Table 14. Neoadjuvant Chemotherapy and BCS-pCR and LRR by Subtype. 

Variable 
HR+/HER2-  

(n = 369) 
HR+/HER2+  

(n = 105) 
HR-/HER2+  

(n = 58) 
HR-/HER2-  

(n = 219) 

pCR Rate 16.5% 45.7% 72.4% 42.0% 

5-yr LRR-Free Survival 

pCR 

No pCR 

 

100% 

95.3% 

 

100% 

94.6% 

 

97.4% 

86.7% 

 

98.6% 

89.9% 

5-yr LRR-Free Survival 97.2% 96.1% 94.4% 93.4% 

 
Table 15. Presenting features by molecular subtype [24]. 

 
ER+/PR+/ 

HER2-  
4311 (71%) 

ER+/PR+/ 
HER2+  

486 (8%) 

ER-/PR-/ 
HER2+  

364 (6%) 

ER-/PR/ 
HER2- 

911 (15%) 
p value 

Age (mean) 58 years 52 years 53 years 54 years <0.0001 

T size (cm) 1.68 cm 1.97 cm 2.22 cm 2.25 cm <0.0001 

Nodal involvement      

% positive 43 52 57 44 <0.0001 

% ≥ 4 pos LN 11 20 28 14 <0.0001 

https://doi.org/10.4236/abcr.2021.101001


R. Arrangoiz et al. 
 

 

DOI: 10.4236/abcr.2021.101001 11 Advances in Breast Cancer Research 
 

especially if they are eligible for Z0011 or AMAROS trials. Finally, even though 
they have a highly aggressive disease in the triple-negative cohort, they are less 
likely to have high volume nodal disease or larger T stage, and they usually have 
excellent pCR rates. In this group of patients, we should consider neoadjuvant 
therapy, especially if the goal is to downstage the patient so we can offer BCS 
[41] 

The ACOSOG Z1071 trial (Table 16) was designed to evaluate the regional 
lymph nodes’ response to adjuvant chemotherapy. It enrolled 694 patients with 
stage II to stage III breast cancer. As expected, the investigators reported higher 
rates of pCR in HER2 positive and triple-negative breast cancer patients, with 
higher rates of BCT, although they are still below 50% [42]. As we know, pCR is 
not necessary for BCT, but there is a need for accurate imaging tools to quantify 
better the response (tumor shrinkage) to neoadjuvant therapy, and we should 
consider the differences in response based on histological subtypes as well as the 
patient desire for BCS. 

There are some essential pre-treatment considerations when contemplating 
the use of neoadjuvant therapy. First of all, the diagnosis should be made by core 
needle biopsy with clip placement in the tumor bed to help the BCS surgical 
procedure and help the pathologist examine the specimen. It is also recom-
mended to perform an FNA or preferably a core needle biopsy of palpable or ra-
diographically suspicious lymph nodes. If the patient is a candidate for BCS with-
out downstaging, the standard of care regarding staging imaging studies mam-
mography and US are the preferred studies, and if the patient requires down-
staging, an MRI should be performed before and after neoadjuvant therapy. It is 
important to have the same imaging studies both pre-treatment and posttreat-
ment to facilitate the surgical treatment planning [42] 

There is very little prospective data on what is the optimal imaging after NAC 
(Table 17). This study enrolled 31 patients with palpable tumors greater than 3 
cm; they all had a physical examination, mammography, US, and MRI performed  

 
Table 16. Subtype and rates of BCS after NAC [25]. 

Subtype n Breast pCR rate BCS rate 

HR+ HER2- 317 16% 35% 

HER2+ 207 50% 43% 

TNBC 170 48% 47% 

 
Table 17. What is the optimal imaging modality following NAC? [26] 

Performance of  
Imaging technique 

Pathology Results vs Imaging Modalities 

Physical examination Mammography Sonography MRI 

Underestimate 17 (55) 16 (52) 16 (52) 7 (23) 

Equal 6 (19) 8 (26) 11 (35) 22 (71) 

Overestimate 8 (26) 7 (23) 4 (13) 2 (6) 
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before and after therapy [43]. MRI was the most accurate in predicting the pa-
thologic size than the surgical specimen in 71% of the cases, whereas physical 
examination, mammography, and US only matched the pathology size of disease 
in up to 1/3 of the patients [43]. Even though there is not enough prospective 
data, some retrospective data compare contrast-enhanced MRI vs. other modali-
ties [44]. Contrast-enhanced MRI has shown to outperform other imaging mod-
alities, even though there is more work to be done with DM-MRI that might 
have higher sensitivity [44] 

MRI’s diagnostic performance depends not only on the patient’s disease 
presentation but also on the pattern of response; some tumors shrink very con-
centrically, whereas others have a different shrinkage pattern with residual scat-
tered cells. In these cases, there are higher rates of false-negative MRI when there 
are residual scattered cells [45]. There is emerging data about how these patterns 
of response vary by subtype, suggesting that triple-negative tumors are more 
prone to have a concentric shrinkage, whereas the HER2 positive and hormone 
receptor (HR) positive patients are more likely to have a scattered response [44]. 

De Los Santos et al. published a multicenter, retrospective study, where inves-
tigators from the TBCRC 017 study pooled data from eight National Cancer In-
stitute (NCI) centers looking at the utility of using MRI as a predictor of pCR. 
The accuracy of MRI varies from 69% to 80% across the histologic subtypes 
(Table 18); notably, the negative predictive value (NPV) of MRI was highest in 
the HR negative/HER2 positive group and in the triple-negative (TN) group 
where if the MRI was negative, it was most likely to be negative in these sub-
types. The MRI has the highest PPV in the HR-positive cases, so there is a higher 
possibility of having disease leftover in these patients. We can conclude that the 
performance of MRI varies between histologic subtypes, with HR-positive, 
low-grade tumors tending to have residual disease even if they look to have had 
a complete radiographic response. The HR negative/HER2 positive and TN tu-
mors had the highest NPV. A complete clinical response (cCR) is insufficient to 
rule out residual disease in any subtype [45]. 

After neoadjuvant therapy, the goal of BCS is to remove any remaining suspi-
cious clinical or radiographic abnormality. For instance, in a patient who seemed 
to have a cCR, we would still have to remove a sample of normal breast tissue 
around the localizing clip without needing to remove the entire volume of tissue  

 
Table 18. MRI as a predictor of pCR [27]. 

 
Negative Predictive  

Value (NPV) 
Positive Predictive  

Value (PPV) 
Accuracy 

(p < 0.001 and 0.01) 

HR+/HER2- 33% 91% 80% 

HR-/HER2+ 62% 72% 69% 

HR+/HER2+ 42% 82% 70% 

TN 60% 73% 69% 

ALL 85/182 (47%) 470/564 (83%) 555/746 (74%) 
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that was initially occupied by the tumor, keeping with the idea of downstaging 
the patient [45] [46]. 

Table 19 shows an old series from the MD Anderson Cancer Center that re-
ported the volume of breast tissue resected after NAC decreased in 150 patients 
who received NAC compared to 91 who received adjuvant chemotherapy [27]. 
The median pre-treatment tumor size was the same in both groups, the volume 
resected in the NAC group was about half the volume resected in the adjuvant 
chemotherapy group, and both the re-excision and local recurrence rates were 
the same in both groups [27]. 

There are some challenges regarding NAC, especially regarding the pattern of 
response. In some cases, the pathology reports might show negative margins 
even though some scattered cells might still be present. There are guidelines 
from the American College of Radiology, the American College of Surgeons, the 
College of American Pathology, and the Society of Surgical Oncology that state 
that in the setting of downstaging for BCS after neoadjuvant chemotherapy if 
viable tumor is present throughout the specimen, even if it doesn’t extend to the 
margin, a further re-excision should be considered (Table 20). 

The definition of negative margin after NAC was studied by Choi J, et al. [47], 
where patients with stage I to stage III who completed NAC underwent BCS in 
12 years and had a median follow-up of 57 months. The overall local recurrence 
rate was only 3.9%, and on multivariable analysis, the margin width was not as-
sociated with local recurrence-free survival (RFS), DFS, or OS and the results did 
not change when breast pCR patients were removed from the analysis [47]. 

In conclusion, for the surgical management of the breast after NAC, patient 
and tumor selection are critically important with increasing rates of pCR not 
translating into rising rates of BCS; thus, pCR is not required for BCS. If the pa-
tient is a candidate to receive NAC, it is important to ask ourselves if there’s an  

 
Table 19. Approach to lumpectomy after NAC complete clinical response [28]. 

Tumors T2 and T3 
NAC 

n = 150 
Adjuvant Chemotherapy 

n = 91 
p Value 

Median Pre-Tx T Size (cm) 3.45 3.0 0.13 

Volume Resected (cm3) 113 213 0.004 

Re-Excision Rate 18 (14%) 3 (14%) 1 

Local Recurrence* 1 1  

*Median follow-up 33 months. 
 

Table 20. Margin width and outcomes NAC and BCS [47]. 

5-year Outcome Measures % (95% CI) 

Local Recurrence Free Survival 96.3% (94.0 - 98.6) 

Disease Free Survival 85.5% (81.8 - 90.7) 

Overall Survival 90.8% (87.4 - 94.2) 
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advantage to giving the chemotherapy before surgery. Evaluating the extent of 
the residual disease remains a problem, especially in HR-positive disease. After 
the operation, the pathology report is critical for assessing the pattern of re-
sponse and the margin status, critically important in determining success. Al-
though the data is limited, “no tumor on ink” is probably good enough. Howev-
er, a persistent finding of scattered, viable tumor in the resection specimens 
should prompt consideration of re-excision. 

Ductal Carcinoma In Situ (DCIS) accounts for roughly 20% of all newly di-
agnosed breast cancers, with most women with DCIS undergo BCS. DCIS’s 
problem is that there are multiple management options, and regardless of what 
treatment the patient received, survival is excellent for most patients, but recur-
rence rates vary widely depending on treatment and clinical/pathologic charac-
teristics. In general, the more aggressive the treatment is, the lower the local re-
currence rate, but the quality of life tends to be poorer. 

There have been four mature randomized controlled studies of radiation after 
BCS for DCIS (Table 21). These studies have at least 12.7 years of follow up 
showing that patients who did not have radiation therapy, the local recurrence 
rate ranged from 25% to 30%, and for patients who did undergo radiation ther-
apy, the local recurrence rate went from 10% to 20%, with a risk reduction 
around 50% in all studies [48] [49] [50] [51]. 

There are two randomized studies for patients who were administered Ta-
moxifen (Table 22), the NSABP B24 study where all women got radiation and 
the UK/ANZ study where some women got radiation, and some did not. The 
risk reduction for these studies was 20% to 25% [50] [52]. 

Comparing women who underwent lumpectomy alone in the NSABP B17/B24 
trials and UK/ANZ study comparing women receiving lumpectomy plus radia-
tion and Tamoxifen, the groups receiving radiation therapy and Tamoxifen had  

 
Table 21. Prospective randomized trials of radiation for DCIS [48] [49] [50] [51]. 

 Local Recurrence  

Trials N Median Follow-Up (years) No RT RT Risk Reduction p 

NSABP B17 813 17.25 35% 20% 47% - 52% <0.001 

EORTC 10853 1010 15.8 31% 18% 48% <0.001 

UK, Aust, NZ 475 12.7 26% 9% 69% <0.0001 

SweDCIS 1046 17 32% 20% 37.5% <0.001 

 
Table 22. Lumpectomy alone vs dual adjuvant therapy (RT + TAM) Arms of NSABP 
B17/B24 and UK/ANZ [30] [31]. 

 Local Recurrence 

Trials N F/U (years) No RT/No TAM RT + TAM Risk Reduction 

NSABP B17/B24 403/899 15.0 35.1% 16.0% 54% 

UK/ANZ 531/252 12.7 26.0% 8.7% 67% 
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an overall risk reduction of over 50% and probably close to 67% [48] [49] [50]. 
It is essential to mention that this was in the era before estrogen receptor test-

ing of DCIS, so these risk reductions associated with Tamoxifen or the dual ad-
juvant therapy are underestimating the magnitude of risk reduction associated 
with Tamoxifen as we now only use it for women with ER-positive disease. In 
summary, radiation therapy reduces the risk by about 50%, and Tamoxifen re-
duces the risk by 25%. The therapies are additive: RT + Tamoxifen reduces the 
risk by 67% over someone with lumpectomy alone [48] [50]. 

Other factors that influence recurrence rates are the time period of treat-
ment, margin status, margin width, and age. The question poses if DCIS re-
currences decreased over time as we have seen in the recurrence rates for inva-
sive cancer. A study conducted at MSKCC looked at around 3000 patients who 
underwent breast conservative surgery for DCIS from 1978-2010 with an av-
erage follow-up of 75 months, and over 700 women followed-up for at least ten 
years [52]. 

In Table 23, we can see that initially, the recurrence rates were roughly 10%, 
and in recent years, the recurrence rates were lower, around 7%. 

Because of that apparent split between the early years and later years, they di-
chotomized the population between those earlier than 1998 and those after 1999, 
showing a 38% reduced risk in the recent years compared to the previous years. 
[52]. 

A multivariable model was created to adjust for all the possible factors re-
sponsible for this improvement over time; as a result, they found that there was 
no explanation since remains a 25% reduced risk in the later years compare to 
the earlier years, there was no explaining to the increasing use of radiation, the 
increase in negative margins, increase in the screen of DCIS. Stratification of 
women between those that did get radiation and women who did not get radiation 
to assess if radiation became more efficacious over time. Among those receiving 
radiation, the two curves overlap, but among those not receiving radiation, there  

 
Table 23. Multivariable model: decreasing recurrence rates over time [32]. 

 Characteristic HR P Value 

Age Continuous, per year 0.977 <0.0001 

Family History Yes vs No 1.28 0.03 

Presentation Clinical vs Radiologic 1.40 0.03 

Nuclear Grade High vs Non-high 1.03 0.8 

Necrosis Present vs Absent 1.43 0.01 

No. of Excisions ≥3 vs ≤2 1.56 0.03 

Margin Status Negative vs Positive/Close 0.72 0.02 

Radiation Yes vs No 0.40 <0.0001 

Endocrine Treatment Yes vs No 0.52 0.0002 

Time Period 1999-2010 vs 1978-1998 0.74 0.02 
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was a significant improvement, highly statistically significant between earlier 
years and later years [52]. 

A multivariable model was created for those not receiving radiation and those 
receiving radiation to adjust to the other factors. As a result, among those not 
receiving radiation, the more recent years had a 38% reduction in risk than the 
earlier years; in those who did receive radiation, there was no significant differ-
ence over time (Table 24). The implication of this is that the recurrence rates 
now are lower than the historical rates from randomized studies that started in 
the late 1980’, which is important when estimating the risk of recurrence for 
women with DCIS, especially in this era of rising mastectomies, giving an ap-
propriate risk estimate for the patient can help her to appropriately weight in the 
pros and cons of the various options, and that can be incredibly important when 
counseling women regarding treatment options for DCIS [53]. 

Margin status and width of resection: from the early breast cancer trial colla-
borative meta-analysis of randomized studies of radiation vs. no radiation after 
BCS, we can see that women who had BCS and radiation who had negative mar-
gins had a lower risk of recurrence than those who had positive margins. In 
conjunction with ASTRO and ASCO, the SSO commissioned a systematic re-
view and meta-analysis, and a consensus panel. The systematic review identified 
20 studies included in the meta-analysis with 7883 patients [54] [55]. They cate-
gorized each study group according to the definition of “negative margins” used. 
The study groups were: >0 - 1 mm, 2 mm, 3 - 5 mm, 10 mm [54] [55]. They 
concluded that women receiving radiation who had negative margins reduced 
recurrence risk by nearly 50%. Margins of at least 2 mm were associated with a 
lower risk of recurrence than smaller margins, but a margin threshold of 3 to 5 
mm or 10 mm was not significantly associated with lower odds of recurrence 
compared to a 2 mm margin. The consensus panel reviewed this meta-analysis 
and other data from the literature and published consensus guidelines in 2016, 
stating that the negative optimal margin width for women with DCIS receiving  

 
Table 24. Recurrence rates over time, by radiation use: multivariable analysis [33]. 

  No RT (n = 1111) RT (n = 1447) 

 Characteristic HR p HR p 

Age Continuous, per year 0.98 0.007 0.96 <0.0001 

Family history Yes vs No 1.31 0.08 1.28 0.2 

Presentation Clinical vs Radiologic 1.50 0.04 1.21 0.5 

Nuclear grade High vs Non-high 1.04 0.8 1.02 0.9 

Necrosis Present vs Absent 1.54 0.01 1.10 0.7 

No. of excisions ≥3 vs ≤2 2.11 0.009 1.18 0.5 

Margin status Negative vs Positive/Close 0.58 0.001 

Endocrine Treatment Yes vs No 0.57 0.02 0.45 0.002 

Time period 1999-2010 vs 1978-1998 0.62 0.003 1.13 0.62 
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radiation is 2 mm. 
They concluded that for women who received whole breast radiation therapy 

(WBRT), negative margins reduce the risk of recurrence by half and that the use 
of WBRT does not nullify the increased risk associated with positive margins. 
Margins of at least 2 mm are associated with a lower risk of recurrence than 
narrower margins, and that the routine practice of obtaining negative margins 
greater than 2 mm is not supported by the evidence [55]. For women treated 
with BCS without WBRT, the consensus states that excision alone is associated 
with higher recurrence rates, regardless of margin width and that the optimal 
margin width is unknown but should be at least 2 mm. Some evidence suggests 
lower recurrence rates with wider margins. A cohort was identified that did not 
receive radiation that included 1200 women, and almost 300 were followed for at 
least ten years. The 10-year recurrence rates by margin width in this population 
showed that the recurrence rate with wider margins was lower, which was highly 
statistically significant [56]. In conclusion, wider negative margins are associated 
with a lower risk of recurrence in women not undergoing radiation. 

Age: has been recognized as a risk factor for recurrence after BCS for DCIS for 
more than 20 years, but the full relationship is unclear because most studies dicho-
tomized at age 50, generally correlating with pre-menopause and post-menopause. 
Looking at the same population based on the decade of age, comparing the old-
est population (over 80 years) with the youngest (under 40 years) identified that 
the 10-year recurrence rates were the lowest in the patient population over 80 
years of age at 8% and the highest recurrence rates were seen in the patient pop-
ulation under 40 years, at 27% [57]. The multivariable analysis of the recurrence 
risk has to be adjusted for the other variables: presentation, family history, ne-
crosis, number of excisions, margin status, adjuvant RT, adjuvant endocrine 
therapy, and treatment period [57]. The adjustment made helped determine the 
relationship between those women not receiving radiation and those receiving 
radiation. The lowest risk of recurrence was seen for women over 80 years (~0% 
recurrence), and the highest risk was for women under 50 years of age. 

A competing risk analysis comparing the type of recurrence, invasive vs. DCIS 
by age group, identified that those under 40 years of age invasive recurrences 
were more frequent than DCIS recurrences; in the other age group, DCIS recur-
rences were more common than invasive recurrences [57]. After adjusting for 
the other variables, we can see a stronger relationship with women over 80 years, 
having an 86% lower chance of invasive recurrence than in women under 40 
years of age. The ties for DCIS recurrence were not that strong. In summary, 
older age was associated with lower recurrence rates in cohorts who did and 
didn’t receive radiation. Younger women were at higher risk of invasive recur-
rence than older women (women < 40 years had 7.1 – fold higher risk of invasive 
recurrence than those > 80 years); in women under 40 years, invasive recur-
rences were more common than DCIS recurrences; in women over 40 years old, 
DCIS recurrences were more common. In conclusion, age is an important factor 
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that should be considered in weighing the various treatment options, including 
surgical therapy, adjuvant radiation therapy, and endocrine therapy. 

Several factors affect the risk of recurrence in DCIS after BCS, including 
treatment-related factors (adjuvant radiation and adjuvant endocrine therapy), 
both of which are effective; clinical pathologic factors (the period of treatment, 
margin status and width: with or without radiation, and age). It is challenging to 
incorporate all of these factors. Still, individualized risk factors can help a wom-
an weighing the pros and cons of the various management options, all the way 
from lumpectomy alone, lumpectomy and radiation, endocrine therapy, mas-
tectomy, or bilateral mastectomy. The MSKCC DCIS nomogram is a validated 
predictive tool that estimates recurrence risk by integrating ten different clini-
copathologic and treatment factors [58]. The optimal treatment option for DCIS 
is the one that aligns with the woman’s priorities and values in terms of local re-
currence risk, preservation of the breast, quality of life, and the avoidance and 
use of adjuvant therapy. A thorough discussion between clinician and patient, 
including the pros and cons and estimated risk of recurrence of each manage-
ment option, can help a woman make the best management option (individua-
lized medicine). 

3. Conclusion 

Early breast cancer’s current surgical management should be evidence-based and 
individualized to each patient based on the tumor’s clinical, histological, and 
molecular characteristics. We feel that the standard of care in BCS has enhanced 
outcomes for patients with breast cancer. This review will help keep surgeons 
managing breast cancer up to date with the current literature, allowing them to 
improve on various clinical parameters like DFS, RFS, and most importantly, 
OS. 
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