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Abstract

Background: The appropriate selection criteria for breast-conserving surgery (BCS) or mastectomy after neoadjuvant chemotherapy 
(NAC) are poorly defined. The aim of this study is to analyse the incidence and prognostic factors for locoregional recurrence (LRR) in 
patients with breast cancer (BC) treated with NAC to develop a prognostic score to help with clinical decision-making.

Materials and methods: Using our retrospective maintained BC database, we identified 730 patients treated with NAC (327 patients treated 
with BCS and 403 patients treated with mastectomy) between 1998 and 2014. To identify variables associated with an increased LRR rate, 
we performed firstly Kaplan–Meier curves, with comparisons among groups using log-rank test, and then, significant variables were included 
in a multivariate analysis using Cox proportional hazards. The prognostic index was developed by assigning score 0 (favourable) or score 
1 (unfavourable) for each significant variable of multivariate analysis and was created separately for patients with BCS and mastectomy.

Results: At a median follow-up of 72 months, the 6-year cumulative incidence of LRR was 7.2% ( ± 3%) for BCS and 7.9% ( ± 3%) for 
mastectomy. 

By univariate analysis, variables associated with an increased LRR were for BCS: HER2 positive, grade III, ductal carcinoma in situ (DCIS), 
No-pCR (ypTis, ypN0), and age < 40 years; and for mastectomy, HER2-positive, DCIS, No-pCR, and LVI. By multivariate analysis, vari-
ables associated with an increased LRR were for BCS: HER2 positive (HR: 11.1, p = 0.001), DCIS (HR: 3.1, p = 0.005), and age < 40 years 
(HR: 2.8, p = 0.02); and for mastectomy: HER2 positive (HR: 9.5, p = 0.03), DCIS (HR: 2.7, p = 0.01), No-pCR (HR: 11.4, p = 0.01), and age 
< 40 years (HR: 2.8, p = 0.006).

The score stratified patients into three subsets with statistically different levels of risk for LRR. For BCS, the six-year LRR rates were 
3%, 13%, and 33% for the low (score 0, n = 120), intermediate (score 1, n = 95) and high (score 2–3, n = 27) risk groups, respectively  
(p = 0.001). For mastectomy, the six-year LRR rates were 0%, 8%, and 27% for the low (score 0, n = 20), intermediate (score 1–2, n 191), 
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and high (score 3–4, n = 30) risk groups, respectively (p = 0.001). Of note, 21 patients that had a LRR event were HER2 positive, all of 
them had received trastuzumab.

Conclusions: Patients with a score of 0, which made up to 19% of the study population, had very low risk of LRR. The score enabled the 
identification of a small group (7%) of patients with very high risk of LRR, and who may benefit from alternative treatment. 

Keywords: prognostic index, locoregional recurrence, breast cancer

Introduction

Currently, neoadjuvant chemotherapy (NAC) is widely accepted in the management of operable and inoperable breast cancer tumours 
[1–3]. The benefits of this approach include permitting the in vivo assessment of disease response to a particular chemotherapy schedule, 
and allowing selected patients in whom mastectomy was recommended initially the opportunity to undergo breast-conserving surgery 
(BCS) [4–9].

Nevertheless, there is a concern that the rates of locoregional recurrence (LRR) may be higher than those reported when surgery is used 
first. Some studies have reported LRR rates ≤ 30% of patients treated with NAC and surgery [10–15]. The most important prognostic factors 
in early breast cancer for patients who receive surgery as their initial treatment are oestrogen receptors, progesterone receptors, prolifera-
tion markers, number of involved lymph nodes, tumour histology, size, grade, and the presence of peritumoural vascular invasion, and 
additionally, in breast conservative surgery, the ipsilateral breast recurrence risk related to the status of surgical margins and the presence 
of extensive intraductal components. Meanwhile, human epidermal growth factor receptor 2 (HER2) overexpression is both a prognostic 
and a predictive factor. However, there is limited information on rates and prognostic factors of LRR for patients who receive neoadjuvant 
chemotherapy [16–19].

Currently, the appropriate selection criteria for BCS or mastectomy after neoadjuvant chemotherapy are poorly defined. 

The aim of this study is to analyse retrospectively incidence and prognostic factors for locoregional recurrence in breast cancer patients 
treated with NAC to develop a prognostic score to help for clinical decision-making.

Materials and methods

The data from 730 consecutive patients with histologically confirmed breast carcinoma treated with NAC (327 patients treated with breast 
conservative-surgery and 403 patients treated with mastectomy) between 1998 and 2014 at the Valencian Institute of Oncology. Demograph-
ical, clinicopathological, and treatment variables were abstracted retrospectively from the data and medical histories of each patient. 

At presentation, disease status was assessed using diagnostic assessments such as medical history, including family cancer history 
and menopausal status, a physical examination including bimanual palpation of the breasts and locoregional lymph nodes, radiological 
examination including bilateral mammography and ultrasounds of the breast and regional lymph nodes. Moreover, all patients underwent 
a laboratory assessment including full blood account, liver, and renal function tests, alkaline phosphatase and Ca 15.3, chest–abdominal 
and pelvic computed tomography or abdominal ultrasound, and bone scintigraphy in order to exclude the presence of metastatic disease. 
Although breast cancer magnetic resonance imaging (MRI) is the most accurate modality for assessing the extent of residual disease 
following NAC, not all patients of the study underwent a breast cancer MRI.

Patients were pathologically staged in accordance with the World Health Organisation (WHO) classification (4th edition) and the American 
Joint Committee on Cancer (AJCC)/Union for International Cancer Control (UICC) tumour nodes metastasis (TMN) staging classification 
system (7th edition).

All patients were diagnosed by core needle biopsy using ultrasounds, or using bimanual palpation, providing information on histological 
type and grade, oestrogen receptor (ER), progesterone receptor (PgR) and from 2005 also HER2 status. ER and PgR status was assessed 
by immunohistochemistry (IHC), and HER2 status was assessed by either fluorescent in situ hybridisation (FISH) or validated IHC method 
(Herceptest). For ER and PgR, cases were considered as negative when the percentage of immunoreactive tumour cells was below 1%, 
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and the remaining cases > 1% of tumour cells stained were classified as positive. For Her2, cases were considered positive if Herceptest 
results 3+ and/or FISH showed a ratio Her2/CEpT < 2 and the remaining cases were classified as negative. For the purpose of treatment 
decision-making, tumours were grouped into surrogate intrinsic subtypes defined by routine histology and immunochemistry following the 
intrinsic subtypes of breast cancer of St Gallen Conference 2013.

Preoperative NAC included both anthracyclines and taxanes. The most frequently used regimen included cyclofosphamide 600 mg/m2/21 
days and doxorubicin 60 mg/m2/21 days for four cycles, followed by docetaxel 100 mg/m2/21 days for four cycles. After its approval, tras-
tuzumab was administered concomitantly with taxanes to patients whose tumours overexpressed Her2. After surgery, hormone therapy 
was administered in all tumours with positive hormone receptors, and after approval adjuvant trastuzumab was given to patients whose 
tumours overexpressed Her2.

Before and after NAC, all patients were evaluated by a multidisciplinary team, including at least a surgeon, radiation oncologist, medical 
oncologist, radiologist and pathologist, all of whom specialised in breast cancer. The team determined eligibility for BCS or mastectomy 
depending on the reduction of the primary tumour with neoadjuvant therapy. In the breast-conservative surgery group of patients, when final 
pathological examination indicated positive margins, patients underwent re-excision to obtain negative margins. 

To identify variables associated with an increased LRR rate, we first performed Kaplan–Meier curves. All events were measured from the 
date of histological diagnosis. The statistical significance between survival curves was determined by a log-rank test between two groups. 
Then, significant variables were included in a multivariate analysis using Cox proportional hazards. The median follow-up period for surviv-
ing patients was 72 months. All tests were two tailed, and p < 0.05 was significant.

The prognostic index was developed by assigning a score of 0 (favourable) or a score of 1 (unfavourable) for each significant variable of 
multivariate analysis and was created separately for patients with BCS and mastectomy. The objective of the score was to create statisti-
cally different subgroups based on risk of LRR using the predictors. Because 26 patients had incomplete values for all variables, the data 
from 730 patients were used to perform our final analysis.

Results

Characteristics of the patients

A total number of 730 patients treated with NAC (327 patients treated with BCS and 403 patients treated with mastectomy) were included 
in the study. 

Table 1 describes the distribution of patient and tumour characteristics of the study population. The median age of the patients treated with 
BCS was 49 ± 11, while 50 ± 10 of patients treated with mastectomy (p = 0.19). There was no difference between the distribution of patients 
younger than 40 years, 7% and 11% from breast-conservative surgery group and mastectomy group, respectively (p = 0.345).

Nearly, all of patients (97%) had stage II and III disease and only 3% of BCS has stage I, meanwhile 48% had stage II and 52% had stage 
III (p = 0.01). 

The NAC regimen were generally doxorubicin and taxane based, with 63 % in BCS and 64% in mastectomy (p = 0.56) and chemotherapy 
with trastuzumab in 17% in BCS and 18% in mastectomy (p = 0.57). The NAC schedules followed the outlines of established protocols that 
were open during the study period in our centre.

In BCS group of patients, 24% patients underwent re-excision to obtain negative margins in 98% of patients.

All patients treated with BCS were treated with adjuvant external-beam radiotherapy to the breast with tangential fields. The median 
breast dose was 50 Gray (Gy) delivered in 25 fractions over 5 weeks, with 70% of patients receiving a tumour bed boost (median dose 
10 Gy) using electrons. Radiotherapy to regional lymph nodes was delivered at supraclavicular fossa in 55% and at internal mammary 
areas in 12% in BCS group. While patients with mastectomy were treated with adjuvant external-beam radiotherapy with tangential fields 
to the chest wall in 82%, internal mammary area 32% and supraclavicular fossa 53%. All patients received the entire planned course of 
radiotherapy. 
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Adjuvant treatment was administered to 59% in the BCS group with hormone therapy versus 68% in the mastectomy group (p = 0.008). 
Meanwhile, 19% of BCS group received adjuvant chemotherapy versus 18% in the mastectomy group (p = 0.440)

Full details concerning treatment have been documented in Table 1. 

Locoregional recurrence score

At a median follow-up of 72 months, the 6-year cumulative incidence of LRR was 7.2% ( ± 3%) for BCS and 7.9% ( ± 3%) for mastectomy. 

By univariate analysis, variables associated with an increased LRR were for BCS: HER2 positive, grade III, DCIS, No-pCR (ypTis, ypN0), 
and age < 40 years and for mastectomy: HER2 positive, DCIS, No-pCR, and LVI.

By multivariate analysis, variables associated with an increased LRR were for BCS: HER2 positive (HR: 11.1, p = 0.001), DCIS (HR: 3.1, 
p = 0. 005), and age < 40 years (HR: 2.8, p = 0.02) and for mastectomy: HER2 positive (HR: 9.5, p = 0.03), DCIS (HR: 2.7, p = 0.01),  
No-pCR (HR: 11.4, p = 0.01), and age < 40 years (HR: 2.8, p = 0.006).

Univariate and multivariate analyses details are described in Table 2.

The score for BCS is based in three factors (HER2 positive, DCIS, and age < 40 years) which correlated with LRR in univariate and multi-
variate analyses. Meanwhile, mastectomy is based on four factors (HER2 positive, DCIS, No-pCR, and age < 40 years).

The score stratified patients into three subsets with statistically different level of risk for LRR. For BCS, the 6-year LRR rates were 3%, 13%, 
and 33% for the low (score 0, n = 120), intermediate (score 1, n = 95), and high (score 2–3, n = 27) risk groups, respectively (p = 0.001). 
For mastectomy, the 6-year LRR rates were 0%, 8%, and 27% for the low (score 0, n = 20), intermediate (score 1–2, n = 191), and high 
(score 3–4, n = 30) risk groups, respectively (p = 0.001). Of note, 21 patients that had a LRR event were HER2 positive, of all of them had 
received trastuzumab.

Figures 1 and 2 illustrate LRR survival for these three groups according to the prognostic index score for low, intermediate, and high risk 
in BCS group and mastectomy group. 

Discussion

The study identified specific subgroups at risk of LRR, among patients with breast carcinoma treated by BCT or mastectomy after NAC. 
Using the score, patients can be stratified into low-, intermediate-, or high-risk group for LRR depending on the kind of surgery that the 
patients underwent.

This prognostic index assumed some predefined criteria for the score validity. All patients treated with BCS were treated with adjuvant 
radiotherapy. Whole breast radiotherapy reduces the risk of local recurrence by two-thirds and it is associated with a survival benefit.  
Moreover, boost irradiation gives further 50% risk reduction and is indicated for patients with unfavourable risk factors for local control 
(age < 50 years, grade III tumour, vascular invasion, and non-radical tumour excision). 

In contrast, post-mastectomy radiotherapy is recommended for women with positive nodes and for those T3–T4 tumours independent 
of nodal status [20, 21]. The role of regional radiotherapy has not been determined; it is indicated for patients with involved lymph nodes 
undergoing breast cancer or chest wall radiotherapy and should be considered for patients with pN0 and less than 10 nodes removed by 
axillary lymph node dissection, especially when other risk factors are also present. After axillary lymph node dissection, the resected part 
of the axilla should not be irradiated, except in cases of residual disease after surgery.

We would like to underline a study of patients treated with BCS after NAC at the University of Texas, M. D. Anderson Cancer Centre; they 
identified four risk factors that predicted LRR; clinical advanced lymph node disease (N2–3), pathological tumour size > 2 cm, multifocal 
residual disease and lymphovascular space invasion [20]. They developed the M. D. Anderson prognostic index (MDAPI) based on these 
four factors and stratified 340 patients into three subsets with statistically different levels of risk for LRR. Five-year free survival rates were 
97%, 88%, and 82% for patients in the low-, intermediate- and high-risk group, respectively [22]. However, they conclude that further data 
are needed to define the risk of LRR after mastectomy to patients considered to be a high risk by MDAPI. 
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Table 1. Patientsʼ characteristics according to type of surgery (%).

Characteristic Type of Surgery Chi-Square
Conservative Mastectomy

Age <40 years 7 11 p.345

Clinical TNM stage
   Stage I 3 0 p.001

   Stage II 80 48

   Stage III 17 52

Histology
   Ductal 90 78 p.002

   Lobular 10 22

ER-Positive/HER2-negative 59 66 p.200

HER2-Positive 27 21

Triple Negative 14 13

Ki67>20 12 13 p.242

Type of NAC
   Anthacyclines plus taxanes 64 63 p.570

   Trastuzumab based 18 17 p.571

Pathologic Complete Response 
(ypT0/is, ypN0)

13 10 p.001

Residual Tumor Morphology
   Unifocal Disease 24 33 p.051

   Multifocal Disease 9 13

   Unknown 54 44

Extensive DCIS in specimen 7 11 p.001

Re-Excision 24 0 p.002

Negative Margins 98 99 p.002

Radiation to:
   Breast 98 0 p.001

   Chest Wall 0 82 p.002

   Internal Mammary 12 32 p.002

   Supraclavicular Fose 55 53 p.273

Radiotherapy Boost
   Yes 77 52 p.001

      External 43 100

      Interstitial 57 0

Adjuvant Hormonotherapy 59 68 p.008

Adjuvant Trastuzumab 19 18 p.440
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Table 2. Univariate analysis for 6 year LRR rate.

Conservative surgery
Variable 6 year LRR rate P (log-rank test)

ER/HER2 status
  ER-positive/HER2-negative 3 p.002

  Triple Negative 6

  HER2-positive 20

Grado
   Grado I 4 p.020

   Grado II 7

   Grado III 11

CDIS
   Yes 20 p.001

   No 2

pCR (ypTis(ypN0)
   Yes 2 p.030

    No 20

Age, years
    <40 14 p.001

    >40 6

Mastectomy
Variable 6 year LRR rate P (log-rank test)

ER/HER2 status
  ER-positive/HER2-negative 2 p.001

  Triple Negative 11

  HER2-positive 17

CDIS
   Yes 17 p.001

   No 6

pCR (ypTis(ypN0)
   Yes 2 p.030

    No 16

Age, years
    <40 16 p.001

    >40 6

Lymphovascular Invasion
     Yes 13 p.010

     No 6
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Figure 1. Prognostic index for LRR for conservative surgery.

Figure 2. Prognostic index for LRR for mastectomy.

Another study reviews 3088 patients of two National Surgical Adjuvant Breast and Bowel Project (NSABP) neoadjuvant trials, and the 
10-year cumulative incidence of LRR was 12.3% for mastectomy patients and 10.3% for BCS. The study concluded that independent pre-
dictors of LRR in patients with BCS were age, clinical nodal status, and pathological nodal status/breast tumour response; in mastectomy 
patients, they were clinical tumour size, clinical nodal status, and pathological nodal status/breast tumour response [23].

In this study, there are no differences between BCS or mastectomy because, at a median follow-up of 72 months, the 6-year cumulative 
incidence of LRR was 7.2% (±3%) for BCS and 7.9% (±3%) for mastectomy. The reason behind could be that patients who underwent a 
mastectomy had 52% of stage III versus 17% in BCS group.

The score for BCS is based in three factors (HER2 positive, DCIS, and age < 40 years) which correlated with LRR in univariate and multi-
variate analyses. Meanwhile, mastectomy is based on four factors (HER2 positive, DCIS, No-pCR, and age < 40 years).

The score enabled the identification of a small cohort of patients with high risk of developing LRR after NAC followed by BCS or mastec-
tomy. Specifically, for patients treated with BCS with score 2 or 3(HER2-positive, DCIS, and age < 40 years), a 6-year LRR rate of 33% was 
observed. And patients that underwent a mastectomy with score 3 or 4 (HER2 positive, DCIS, No-pCR, and age < 40 years) had a 6-year 
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LRR rate of 27%. This subgroup of patients represent only 7% of the population, but they are young women (< 40 years, Her2 positive, 
and without pCR). While our findings may not change current surgery options, this high-risk subgroup perhaps may benefit from alternative 
strategies of treatment such as immunological therapies that may be able to decrease this risk of LRR. 

Recent studies suggest that tumour-infiltrating lymphocytes (TILs) are associated with DFS in operable Her2-overexpressiong breast 
cancer. Further research in TILs could be useful as stratification to guide immunological therapeutic approaches [26].

In contrast, the score also identified a favourable subgroup of patients (with 1 for BCS and 1 or 2 score for mastectomy) who had 6-year 
LRR rates of 3% and 0%, respectively. This subgroup only represented 19% of the study population.

The results of this study should be interpreted in the context of its potential weaknesses. First, patients included in the study were treated 
from 1994 to 2014, and this is especially relevant given that neoadjuvant anti-HER2 therapy was not available until 2011 [24, 25].

However, of 21 patients that had a LRR event who were HER2 positive, all of them had received trastuzumab.

Conclusion

In conclusion, the score is a tool that could be useful in order to predict much better the risk of LRR after BCS and mastectomy. By clinico-
pathological findings, patients can be stratified into three different prognostic groups. Patients with a score of 0–1, which made up to 19% 
of the study population, had very low rates of LRR. The score enabled the identification of a small group (7%) of patients with very high risk 
of LRR and who may benefit from alternative or additional locoregional treatment strategies. However, further prospective data are needed 
to validate this score in an independent data set.

References

 1. Cunningham JD, Weiss SE and Ahmed S et al (1998) The efficacy of neoadjuvant chemotherapy compared to postoperative 
therapy in the treatment of locally advanced breast cancer Cancer Invest 16 80–86 DOI: 10.3109/07357909809039761 PMID: 
9512673

 2. Powles TJ, HickishTF and Makris A et al (1995) Randomized trial of chemoendocrine therapy started before or after surgery for 
treatment of primary breast cancer J Clin Oncol 13 547–552 PMID: 7884414

 3. Fisher B, Bryant J and Wolmark N et al (1998) Effect of preoperative chemotherapy on the outcome of women with operable 
breast cancer J Clin Oncol 16 2672–2685 PMID: 9704717

 4. O’Reilly MS, Boehm T and Shing Y et al (1997) Endostatin: an endogenous inhibitor of angiogenesis and tumor growth Cell 88 
277–285 DOI: 10.1016/S0092-8674(00)81848-6

 5. Fisher B, Saffer E and Rudock C et al (1989) Effect of local or systemic treatment prior to primary tumor removal on the produc-
tion and response to a serum growth-stimulating factor in mice Cancer Res 49 2002–2004 PMID: 2522814

 6. Hortobagyi GN, Blumenschein GR and Spanos W et al (1983) Multimodal treatment of locoregionally advanced breast cancer 
Cancer 51 763–768 PMID: 6687377

 7. Scholl SM, Fourquet A and Asselain B et al (1994) Neoadjuvant versus adjuvant chemotherapy in premenopausal patients with 
tumors considered too large for breast conserving surgery: preliminary results of a randomized trial: S6 Eur J Cancer 30 
645–652 DOI: 10.1016/0959-8049(94)90537-1

 8. Makris A, Powles TJ and Ashley SE et al (1998) A reduction in the requirements for mastectomy in a randomized trial of neo-
adjuvant chemoendocrine therapy in primary breast cancer Ann Oncol 9 1179–1184 DOI: 10.1023/A:1008400706949 PMID: 
9862047

 9. Singletary SE, McNeese MD and Hortobagyi GN (1992) Feasibility of breast-conservation surgery after induction chemotherapy for 
locally advanced breast carcinoma Cancer 69 2849–2852 PMID: 1571916

http://dx.doi.org/10.3109/07357909809039761
http://www.ncbi.nlm.nih.gov/pubmed/9512673
http://www.ncbi.nlm.nih.gov/pubmed/7884414
http://www.ncbi.nlm.nih.gov/pubmed/9704717
http://dx.doi.org/10.1016/S0092-8674(00)81848-6
http://www.ncbi.nlm.nih.gov/pubmed/2522814
http://www.ncbi.nlm.nih.gov/pubmed/6687377
http://dx.doi.org/10.1016/0959-8049(94)90537-1
http://dx.doi.org/10.1023/A:1008400706949
http://www.ncbi.nlm.nih.gov/pubmed/9862047
http://www.ncbi.nlm.nih.gov/pubmed/1571916


Cl
in

ic
al

 S
tu

dy

 9 www.ecancer.org

ecancer 2016, 10:647

 10. Calais G, Berger C and Descamps P et al (1994) Conservative treatment feasibility with induction chemotherapy, surgery, and radio-
therapy for patients with breast carcinoma larger than 3 cm Cancer 74 1283–1288 PMID: 8055449

 11. Rouzier R, Extra JM and Carton M et al (2001) Primary chemotherapy for operable breast cancer: incidence and prognostic  
significance of ipsilateral breast tumor recurrence after breast-conserving surgery J Clin Oncol 19 3828–3835 PMID: 11559720

 12. Danforth DN, Zujewski J, O’Shaughnessy J (1998) Selection of local therapy after neoadjuvant chemotherapy in patients with 
stage IIIA, B breast cancer Ann Surg Oncol 5 150–158 DOI: 10.1007/BF02303848 PMID: 9527268

 13. Bonadonna G, Valagussa P, and Brambilla C et al (1998) Primary chemotherapy in operable breast cancer: eight-year experience 
at the Milan Cancer Institute J Clin Oncol 16 93–100 PMID: 9440728

 14. Schwartz GF, Birchansky CA, and Komarnicky LT et al (1994) Induction chemotherapy followed by breast conservation for 
locally advanced carcinoma of the breast Cancer 73 362–369 PMID: 8293401

 15. Perloff M, Lesnick GJ, and Korzun A et al (1988) Combination chemotherapy with mastectomy or radiotherapy for stage III 
breast cancer: a cancer and leukaemia group B study J Clin Oncol 6 261–269 PMID: 3276824

 16. Recht A, Gray R, and Davidson NE et al (1999) Locoregional failure 10 years after mastectomy and adjuvant chemotherapy with 
or without tamoxifen without irradiation: experience of the eastern cooperative oncology group J Clin Oncol 17 1689–1700 
PMID: 10561205

 17. Wallgren A, Bonetti M and Gelber RD et al (2003) Risk factors for locoregional recurrence among breast cancer patients: results 
from international breast cancer study group trials I through VII J Clin Oncol 21 1205–1213 DOI: 10.1200/JCO.2003.03.130 
PMID: 12663706

 18. Katz A, Strom EA and Buchholz TA et al (2000) Locoregional recurrence patterns after mastectomy and doxorubicin-based 
chemotherapy: implications for postoperative irradiation J Clin Oncol 18 2817–2827 PMID: 10920129

 19. Taghian A, Jeong JH and Mamounas E et al (2004) Patterns of locoregional failure in patients with operable breast cancer treated 
by mastectomy and adjuvant chemotherapy with or without tamoxifen and without radiotherapy: results from five national 
surgical adjuvant breast and bowel project randomized clinical trials J Clin Oncol 22 4247–4254 DOI: 10.1200/JCO.2004.01.042 
PMID: 15452182

 20. Overgaard M, Hansen PS and Overgaard J et al (1997) Postoperative radiotherapy in high-risk premenopausal women with 
breast cancer who receive adjuvant chemotherapy: Danish breast cancer cooperative group 82b trial N Engl J Med 337 
949–955 DOI: 10.1056/NEJM199710023371401

 21.  Ragaz J, Jackson SM and Le N et al (1997) Adjuvant radiotherapy and chemotherapy in node-positive premenopausal women 
with breast cancer N Engl J Med 337 956–962 DOI: 10.1056/NEJM199710023371402 PMID: 9309100

 22. Chen AM, Meric-Bernstam F and Hunt K et al (2005) Breast conservation after neoadjuvant chemotherapy Cancer 103 689–695 
DOI: 10.1002/cncr.20815 PMID: 15641036

 23. Mamounas EP, Anderson SJ and Dignam et al (2012) Predictors of locoregional recurrence after neoadjuvant chemotherapy: 
results from combined analysis of national surgical adjuvant breast and bowel project B-18 and B-27 J Clin Oncol 30 
3960–3966 DOI: 10.1200/JCO.2011.40.8369 PMID: 23032615 PMCID: 3488269

 24. Buzdar AU, Ibrahim NK and Francis D et al (2005) Significantly higher pathologic complete remission rate after neoadjuvant 
therapy with trastuzumab, paclitaxel, and epirubicin chemotherapy: results of a randomized trial in human epidermal growth 
factor receptor 2-positive operable breast cancer J Clin Oncol 23 3676–3685 DOI: 10.1200/JCO.2005.07.032 PMID: 15738535

 25. Slamon D, Eiermann W and Robert N et al (2011) Adjuvant trastuzumab in HER2-positive breast cancer N Engl J Med 365  
1273–1283 DOI: 10.1056/NEJMoa0910383 PMID: 21991949 PMCID: 3268553

 26. Loi S, Michiels S and Salgado R et al (2014) Tumor infiltrating lymphocytes are prognostic in triple negative breast cancer and 
predictive for trastuzumab benefit in early breast cancer: results from the FinHER trial Ann Oncol 25 1544–1550 DOI: 10.1093/
annonc/mdu112 PMID: 24608200

http://www.ncbi.nlm.nih.gov/pubmed/8055449
http://www.ncbi.nlm.nih.gov/pubmed/11559720
http://dx.doi.org/10.1007/BF02303848
http://www.ncbi.nlm.nih.gov/pubmed/9527268
http://www.ncbi.nlm.nih.gov/pubmed/9440728
http://www.ncbi.nlm.nih.gov/pubmed/8293401
http://www.ncbi.nlm.nih.gov/pubmed/3276824
http://www.ncbi.nlm.nih.gov/pubmed/10561205
http://dx.doi.org/10.1200/JCO.2003.03.130
http://www.ncbi.nlm.nih.gov/pubmed/12663706
http://www.ncbi.nlm.nih.gov/pubmed/10920129
http://dx.doi.org/10.1200/JCO.2004.01.042
http://www.ncbi.nlm.nih.gov/pubmed/15452182
http://dx.doi.org/10.1056/NEJM199710023371401
http://dx.doi.org/10.1056/NEJM199710023371402
http://www.ncbi.nlm.nih.gov/pubmed/9309100
http://dx.doi.org/10.1002/cncr.20815
http://www.ncbi.nlm.nih.gov/pubmed/15641036
http://dx.doi.org/10.1200/JCO.2011.40.8369
http://www.ncbi.nlm.nih.gov/pubmed/23032615
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3488269
http://dx.doi.org/10.1200/JCO.2005.07.032
http://www.ncbi.nlm.nih.gov/pubmed/15738535
http://dx.doi.org/10.1056/NEJMoa0910383
http://www.ncbi.nlm.nih.gov/pubmed/21991949
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3268553
http://dx.doi.org/10.1093/annonc/mdu112
http://dx.doi.org/10.1093/annonc/mdu112
http://www.ncbi.nlm.nih.gov/pubmed/24608200

