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The impact of preoperative breast MRI on the re-excision rate in invasive lobular carcinoma of the breast

Introduction

Invasive lobular carcinoma of the breast (ILC) is more prone to incomplete surgical excision and subsequent re-excision than other histological types of breast cancer. Reported re-excision rates in ILC after breast conserving surgery (BCS) range from 29 to 67% [START_REF] Keskek | Factors predisposing to cavity margin positivity following conservation surgery for breast cancer[END_REF][START_REF] O'sullivan | The effect of multiple reexcisions on the risk of local recurrence after breast conserving surgery[END_REF][START_REF] Smitt | Association of clinical and pathologic variables with lumpectomy surgical margin status after preoperative diagnosis or excisional biopsy of invasive breast cancer[END_REF][START_REF] Van Den Broek | Margin status and the risk of local recurrence after breast-conserving treatment of lobular breast cancer[END_REF][START_REF] Waljee | Predictors of re-excision among women undergoing breast-conserving surgery for cancer[END_REF]. In 16-48% of patients with ILC local surgical therapy is still converted to mastectomy after failure of BCS [START_REF] Keskek | Factors predisposing to cavity margin positivity following conservation surgery for breast cancer[END_REF][START_REF] Waljee | Predictors of re-excision among women undergoing breast-conserving surgery for cancer[END_REF][START_REF] Dillon | Identifying patients at risk of compromised margins following breast conservation for lobular carcinoma[END_REF][START_REF] Hussien | Surgical treatment for invasive lobular carcinoma of the breast[END_REF][START_REF] Molland | Infiltrating lobular carcinoma-a comparison of diagnosis, management and outcome with infiltrating duct carcinoma[END_REF][START_REF] Morrow | Selecting patients for breast-conserving therapy: the importance of lobular histology[END_REF][START_REF] Yeatman | Tumor biology of infiltrating lobular carcinoma. Implications for management[END_REF].

Contrast-enhanced magnetic resonance imaging (MRI) of the breast has often been proposed as the solution to failure of obtaining tumor free margins in BCS and subsequent re-excision or conversion to mastectomy. The technique is superior to conventional imaging methods in staging ILC [START_REF] Caramella | Value of MRI in the surgical planning of invasive lobular breast carcinoma: a prospective and a retrospective study of 57 cases: comparison with physical examination, conventional imaging, and histology[END_REF][START_REF] Kepple | Correlation of magnetic resonance imaging and pathologic size of infiltrating lobular carcinoma of the breast[END_REF][START_REF] Kneeshaw | Dynamic contrast enhanced magnetic resonance imaging aids the surgical management of invasive lobular breast cancer[END_REF][START_REF] Mann | The value of MRI compared to mammography in the assessment of tumour extent in invasive lobular carcinoma of the breast[END_REF][START_REF] Qayyum | MR imaging features of infiltrating lobular carcinoma of the breast: histopathologic correlation[END_REF][START_REF] Rodenko | MR imaging in the management before surgery of lobular carcinoma of the breast: correlation with pathology[END_REF][START_REF] Schelfout | Preoperative breast MRI in patients with invasive lobular breast cancer[END_REF][START_REF] Weinstein | MR imaging of the breast in patients with invasive lobular carcinoma[END_REF], which is mainly achieved by improving tumor delineation and detection of additional tumor foci.

Conversely, many studies have shown that preoperative breast MRI changes therapy in 12-33% of patients from BCS to mastectomy [START_REF] Caramella | Value of MRI in the surgical planning of invasive lobular breast carcinoma: a prospective and a retrospective study of 57 cases: comparison with physical examination, conventional imaging, and histology[END_REF][START_REF] Kneeshaw | Dynamic contrast enhanced magnetic resonance imaging aids the surgical management of invasive lobular breast cancer[END_REF][START_REF] Rodenko | MR imaging in the management before surgery of lobular carcinoma of the breast: correlation with pathology[END_REF][START_REF] Bedrosian | Changes in the surgical management of patients with breast carcinoma based on preoperative magnetic resonance imaging[END_REF][START_REF] Fabre | Breast MRI in invasive lobular carcinoma: diagnosis and staging[END_REF][START_REF] Munot | Role of magnetic resonance imaging in the diagnosis and single-stage surgical resection of invasive lobular carcinoma of the breast[END_REF][START_REF] Quan | Magnetic resonance imaging detects unsuspected disease in patients with invasive lobular cancer[END_REF]. Although the changes may be appropriate in 88% of cases according to pathology [START_REF] Mann | MRI compared to conventional diagnostic work-up in the detection and evaluation of invasive lobular carcinoma of the breast: a review of existing literature[END_REF], this percentage is still relatively high compared to local recurrence rates [START_REF] Jobsen | The impact of margin status in breastconserving therapy for lobular carcinoma is age related[END_REF]. Nonetheless, large trials have demonstrated that incomplete tumor excision is a risk factor for local recurrence [START_REF] Luini | The surgical margin status after breast-conserving surgery: discussion of an open issue[END_REF]. Hence, the question remains whether MRI is capable of reducing the frequency of incomplete surgery and subsequent need for re-excisions without adverse side effects, such as dramatically increasing the rate of mastectomies [START_REF] Kuhl | Pre-operative staging of breast cancer with breast MRI: one step forward, two steps back?[END_REF][START_REF] Morrow | A clinical oncology perspective on the use of breast MR[END_REF][START_REF] Morrow | Magnetic resonance imaging in breast cancer: one step forward, two steps back?[END_REF]. This information is essential if MRI is to be implemented in the standard preoperative staging of all patients with ILC.

The aim of this study, therefore, was to assess whether preoperative breast MRI influences the rate of re-excisions and the rate of mastectomies in a large consecutive series of patients with ILC.

Materials and methods

Ethics

This cohort study was performed according to good clinical practice and the Dutch legal regulations. No approval of the local ethical committees or informed consent was needed for this study. However, patients who participated in earlier prospective clinical trials (approved by the local ethical committees) tailored to different research questions provided informed consent for those studies.

Patients

The pathological and oncological databases of the Radboud University Nijmegen Medical Centre (RUNMC) and the Netherlands Cancer Institute/Antoni van Leeuwenhoek Hospital (NKI-AVL) were searched and all patients who presented with ILC between January 1993 and December 2005 at the RUNMC and between January 1999 and December 2005 at the NKI-AVL were included. Both hospitals perform preoperative breast MRI in nearly all patients with ILC since early 2006. Consequently, no patients were included after 2005.

We excluded all patients who: (1) had a history of cancer of any type (n = 32), (2) had prior surgery to the affected breast except for excisional biopsy to establish the diagnosis (n = 15), (3) were initially treated with neoadjuvant chemotherapy or other non-surgical techniques (n = 41), (4) were initially treated in another hospital (n = 378).

Data acquisition

We reviewed the medical, radiological, and pathological records of all patients who met the inclusion criteria. We registered patient characteristics, when the diagnosis was established, time to initial surgery, and type of initial surgery (BCS or mastectomy) [START_REF]Guideline for treatment of patients with breast cancer. Kwaliteitsinstituut voor de gezondheidszorg CBO[END_REF]. Furthermore, the number and type of repeat operations after initial surgery (due to the detection of involved resection margins at pathological examination in more than two low power fields (109 objective) at microscopy) were recorded. When tumor margins were clear or were only focally involved at microscopy (less than two low power fields) and no reexcision was deemed necessary, the surgical procedure was recorded as being radical (final pathology).

The radiological databases were searched for imaging studies to establish: (1) the type of conventional imaging performed to detect and stage the tumor, (2) whether contrast enhanced breast MRI was performed within 3 months prior to initial surgery, (3) the number of days between tumor detection (either at mammography or clinically), the breast MRI, and final pathology. All patients in whom breast MRI was performed were assumed to have been preoperatively staged with breast MRI.

The pathology databases were reviewed to obtain tumor size and pathological characteristics from the surgical specimens at final pathology. In the case of multifocal lesions the largest diameter of the total area with tumor foci was recorded. If this information was not available, the size of the largest focus was recorded.

Breast MRI

Due to the extensive study period and data acquisition in two cancer centers, the patients were scanned using various MRI systems, various field strengths ranging from 1.0 to 3.0 T and various scan protocols. The spatial resolution of these protocols generally improved over time. However, all patients were scanned in the prone position with the use of a dedicated bilateral breast coil. All protocols included a series of T1 weighted sequences that was repeated at least four times, first prior to the administration of a Gd-containing contrast agent and then several times after intravenous contrast administration at a dose of 0.1 mmol/kg. In all patients, subtraction images were created from the pre and post contrast scans to evaluate tumor morphology and tumor kinetics (internal enhancement and enhancement curve type) according to the BIRADS lexicon [START_REF] Morris | Breast MR imaging lexicon updated[END_REF]. The size of the tumor was measured and reported in three perpendicular planes (coronal, axial, and sagital). The indications for the performance of MRI were diverse and included accepted clinical indications, patient wish and participation in clinical studies that assessed: (1) the radiologic pathologic correlation of MR-visible tumors, (2) screening of women at high life-time risk of breast cancer, (3) preoperative staging, and (4) new MRI sequences.

Therapeutic approach

Prior to surgery, the available information for each patient (including clinical examination, mammography in two directions, ultrasound of the affected breast, and breast MRI when available) was discussed in a multidisciplinary meeting of breast cancer specialists (radiologists, pathologists, surgeons, radiation oncologists, and medical oncologists). This team devised the treatment plan in consensus.

Both hospitals applied the policy that MRI findings required pathologic proof of malignancy prior to adaptation of the surgical plan, except if such adaptation was a small extension of a local excision. Proof of malignancy was typically acquired by second look ultrasound or MRI guided (excision) biopsy [START_REF]Guideline for treatment of patients with breast cancer. Kwaliteitsinstituut voor de gezondheidszorg CBO[END_REF][START_REF] Veltman | Magnetic resonance-guided biopsies and localizations of the breast: initial experiences using an open breast coil and compatible intervention device[END_REF].

Statistics

Our primary endpoint was to compare the rate of re-excisions in all patients who underwent preoperative MRI compared with the rate of re-excisions in those who did not undergo preoperative MRI. The rate of initial mastectomies in both groups, the final rate of mastectomies and the time between tumor detection and final pathology were regarded as secondary endpoints.

In addition, we analyzed the rate of re-excisions and the final mastectomy rate in the subset of patients that underwent initial BCS.

All means are expressed as mean ± 1 SD. Binomial comparisons were performed using the chi-square test to check for statistical significance, or a Fisher's exact test whenever appropriate. Continuous variables were compared with the T-test for independent samples. Correlations were assessed with Pearson's correlation coefficient. We calculated odds ratios and 95% confidence intervals for the chance of re-excision with and without preoperative breast MRI for the whole population and for the subset of patients that initially underwent BCS. Calculations were performed using SPSS version 16.0 (SPSS Inc. Chicago, USA). P values smaller than 0.05 were considered significant.

Results

Patient and tumor characteristics

In total, 267 patients met the inclusion criteria. Ninety-nine of these women underwent pre-operative MRI (MR? group), 168 did not (MR-group). Patient groups were comparable, although the mean age of patients in the MR? group was less. Patient characteristics are described in Table 1.

The tumors in both groups were equally distributed in size and although the rate of multifocal lesions in the MR? group was slightly higher, this did not reach statistical significance. Concurrent DCIS was incidentally present in both groups, whereas concurrent LCIS was very common and often extensive. We did not observe any significant difference in hormone receptor expression. Although the Her2/Neu receptor was more often over-expressed in the MR-group, the expression was only assessed in 155 patients and the difference did not reach statistical significance. In Table 2 tumor characteristics are shown.

Surgery

Initial surgery was radical in 237 of 267 (89%) patients. In total, 30 patients underwent re-excision because of involved margins. Only one of these patients underwent initial mastectomy. This patient underwent an additional resection of residual tumor in the axillary tail. In 4 patients, the reexcision consisted of an extended local excision, in 25 cases the surgical procedure was secondary mastectomy.

The rate of re-excisions was significantly higher in the MR-group (15%) than in the MR? group (5%) (P = 0.014), as is shown in Table 3. The odds ratio for reexcision was 3.29 (95% CI 1.22-8.85). In other words, patients in the MR-group were 3.3 times more likely to undergo re-excision than patients in the MR? group.

Initial mastectomy was performed in 122 of 267 patients (46%). We did not observe a higher rate of mastectomies in the MR? group. The final rate of mastectomies was even lower in the MR? group, though this did not reach statistical significance. Overall, the rate of initial mastectomies declined over the years. We observed a negative correlation coefficient of -0.19 (P = 0.002) between the year of treatment and the rate of initial mastectomies (Fig. 1).

Patients initially treated with breast conserving surgery

In the subset of patients who initially underwent BCS after preoperative staging, mean tumor size was lower and multifocality was less common. We did not observe differences in tumor size or rate of multifocality between the MR-and MR? groups (Table 4). However, the rate of reexcisions was significantly higher in patients in the MRgroup, than in patients in the MR? group (odds ratio 3.64 (95% CI 1.30-10.20)). Consequently, mastectomy as final therapy was much more common in patients who initially underwent BCS but did not undergo preoperative breast MRI (P = 0.010).

We did not observe differences in tumor characteristics of initially incompletely excised tumors in the two groups. Mean tumor size was 3 cm in both groups, ranging from 0.8 to 7.0 cm in the MR-group, and from 1.0 to 7.6 cm in the MR? group (P = 0.959). In the MR-group 17 of 25 tumors (68%) were multifocal, while 3 of 5 tumors (60%) in the MR? group were multifocal (P = 1.000).

Time

The mean time from diagnosis to breast MRI in the MR? group was 14 (±11) days, ranging from 0 (tumor detected at MRI) to 53 days. The mean time from diagnosis to final pathology in patients in whom initial surgery was successful for 40 (±22) days in the MR-group and 38 (±18) days in the MR? group (P = 0.436). Hence, no evidence could be found that the time to final pathology was increased by the preoperative MRI.

However, failure to perform radical surgery increased the time to final pathology to 67 (±48) days in the MRgroup (P = 0.010) and 81 (±42) in the MR? group (P = 0.078), respectively.

Overall this led to a slightly longer time to final pathology in the MR-group of 44 (±29) days compared to 40 (±21) days in the MR? group, although this did not reach statistical significance (P = 0.238).

Discussion

The most essential finding of our study is that preoperative breast MRI in patients with ILC who undergo BCS reduced the rate of surgical re-excision after BCS.

Furthermore, preoperative MRI was not associated with an increased rate of initial mastectomies, the most common objection to preoperative staging of breast cancer with breast MRI. In fact, the final rate of mastectomies was higher in patients who did not have a preoperative breast MRI. Hence, this is the first study that, in terms of outcome, shows benefit of preoperative breast MRI in patients with ILC.

With conventional methods (mammography and ultrasound) adequate staging of ILC is difficult [START_REF] Yeatman | Tumor biology of infiltrating lobular carcinoma. Implications for management[END_REF][START_REF] Tresserra | Assessment of breast cancer size: sonographic and pathologic correlation[END_REF][START_REF] Veltman | Mammographic detection and staging of invasive lobular carcinoma[END_REF][START_REF] Watermann | Ultrasound morphology of invasive lobular breast cancer is different compared with other types of breast cancer[END_REF]. The sensitivity is limited and although most lobular carcinomas do eventually present as a mass, ILC is often much larger than anticipated and is often multifocal [START_REF] Yeatman | Tumor biology of infiltrating lobular carcinoma. Implications for management[END_REF][START_REF] Arpino | Infiltrating lobular carcinoma of the breast: tumor characteristics and clinical outcome[END_REF]. MRI has proved to tackle many of the difficulties in detection and staging that occur with conventional modalities. With a stable sensitivity of approximately 93%, an accuracy in lesion size estimation of 80% (with an accompanying 10% underestimation of lesion size and 10% overestimation of lesion size) and a good correlation with tumor size at pathology, breast MRI aids in lesion appreciation [START_REF] Caramella | Value of MRI in the surgical planning of invasive lobular breast carcinoma: a prospective and a retrospective study of 57 cases: comparison with physical examination, conventional imaging, and histology[END_REF][START_REF] Mann | The value of MRI compared to mammography in the assessment of tumour extent in invasive lobular carcinoma of the breast[END_REF][START_REF] Fabre | Breast MRI in invasive lobular carcinoma: diagnosis and staging[END_REF][START_REF] Mann | MRI compared to conventional diagnostic work-up in the detection and evaluation of invasive lobular carcinoma of the breast: a review of existing literature[END_REF]. Consequently, MRI has been shown to change the therapeutic approach in approximately one-third of patients with ILC [START_REF] Caramella | Value of MRI in the surgical planning of invasive lobular breast carcinoma: a prospective and a retrospective study of 57 cases: comparison with physical examination, conventional imaging, and histology[END_REF][START_REF] Rodenko | MR imaging in the management before surgery of lobular carcinoma of the breast: correlation with pathology[END_REF][START_REF] Bedrosian | Changes in the surgical management of patients with breast carcinoma based on preoperative magnetic resonance imaging[END_REF][START_REF] Munot | Role of magnetic resonance imaging in the diagnosis and single-stage surgical resection of invasive lobular carcinoma of the breast[END_REF][START_REF] Quan | Magnetic resonance imaging detects unsuspected disease in patients with invasive lobular cancer[END_REF][START_REF] Mann | MRI compared to conventional diagnostic work-up in the detection and evaluation of invasive lobular carcinoma of the breast: a review of existing literature[END_REF].

Nevertheless, even in ILC, preoperative breast MRI is still disputed, because breast cancer staging with MRI is thought to delay treatment and to result in more aggressive surgery [START_REF] Morrow | Selecting patients for breast-conserving therapy: the importance of lobular histology[END_REF][START_REF] Morrow | Magnetic resonance imaging in breast cancer: one step forward, two steps back?[END_REF][START_REF]Guideline for treatment of patients with breast cancer. Kwaliteitsinstituut voor de gezondheidszorg CBO[END_REF]. Additional lesions detected by breast MRI raise the need for additional work-up.

Since we did not observe a difference in time to final pathology between the MR-group and the MR? group, it is apparently feasible to perform additional work-up within 40 days on average (the mean time between diagnosis and final pathology in the present study). As long as the waiting time for surgery is longer, preoperative breast MRI will not delay therapy. Re-excision does, however, delay therapy.

The reduction in the re-excision rate is considered to be emotionally important to patients, as it prevents the anxiety that is caused by a second surgical procedure and the increased time to full excision. Moreover, it has been shown that a good cosmetic outcome is reduced by reexcision [START_REF] Sk | The cosmetic outcome in early breast cancer treated with breast conservation[END_REF][START_REF] Wazer | Factors influencing cosmetic outcome and complication risk after conservative surgery and radiotherapy for early-stage breast carcinoma[END_REF]. Finally, re-excision is associated with significant financial costs, which may be reduced by preoperative MRI. However, this requires further study.

In a recent study by Pengel et al. [START_REF] Pengel | The impact of preoperative MRI on breast-conserving surgery of invasive cancer: a comparative cohort study[END_REF], a similar reduced rate of re-excisions due to preoperative breast MRI was shown in a subgroup of patients with IDC. A reduction in the re-excision rate in ILC was not observed but far fewer patients with ILC were included and both focal and extensive involvement of resection margins were regarded as unsuccessful surgery. Moreover, they did not analyse the impact of pre-operative breast MRI on the initial mastectomy rate.

Because studies have shown that the rate of local recurrences is higher in patients who undergo re-excisions than in patients who are initially successfully treated [START_REF] Aziz | The role of reexcision for positive margins in optimizing local disease control after breast-conserving surgery for cancer[END_REF][START_REF] Menes | The consequence of multiple re-excisions to obtain clear lumpectomy margins in breast cancer patients[END_REF], our study suggests that preoperative MRI in patients with ILC has the potential to improve local control and therefore survival. However, this negative effect from reexcisions was not evident from other studies [START_REF] O'sullivan | The effect of multiple reexcisions on the risk of local recurrence after breast conserving surgery[END_REF], and is therefore uncertain. So far, only two studies have evaluated the impact of preoperative breast MRI on recurrence and survival, none of which evaluated specifically ILC. Unfortunately these studies had contradictory results.

Fischer et al. [START_REF] Fischer | The influence of preoperative MRI of the breasts on recurrence rate in patients with breast cancer[END_REF] showed a reduced rate of local recurrences after preoperative MRI, but this study is largely biased due to very different tumor stages between groups. More recently Solin et al. [START_REF] Solin | Relationship of breast magnetic resonance imaging to outcome after breast-conservation treatment with radiation for women with early-stage invasive breast carcinoma or ductal carcinoma in situ[END_REF] did not observe any differences in local control between patients that did or did not undergo pre-operative MRI. However, they had only a short follow-up period and included many patients in the MR? group that underwent MRI only after initial surgery. We agree that the most valid proof of improved outcome is a clear reduction in breast cancer mortality, following a reduction of local recurrence. Such evidence in patients with ILC is still lacking, we neither assessed local recurrence nor survival in this study. However, due to improving overall diagnosis and treatment current recurrence rates have dropped to approximately 0.6-1% per year [START_REF] Poortmans | The addition of a boost dose on the primary tumour bed after lumpectomy in breast conserving treatment for breast cancer. A summary of the results of EORTC 22881-10882 ''boost versus no boost'' trial[END_REF]. Furthermore, ILC is a relatively infrequent breast cancer, so large studies to evaluate the impact of preoperative MRI on recurrence and survival will be acquired over a very long time span. Consequently, surgical approaches and adjuvant therapies will have continued to develop and an effect on outcome using these terms may be difficult to interpret as they are prone to bias.

There are several limitations to our study. First, the non-randomized and retrospective nature of this study must be taken into account. However, since both the American College of Radiology (ACR) and the European society of breast imaging (Eusobi) currently recommend pre-operative breast MRI for evaluation of the contralateral breast in all women with proven breast cancer [START_REF] Basset | ACR practice guideline for the performance of contrast-enhanced magnetic resonance imaging (MRI) of the breast[END_REF][START_REF] Mann | Breast MRI: guidelines from the European Society of Breast Imaging[END_REF], prospective randomized studies on patients with breast cancer can no longer be deemed ethical.

Second, although mastectomy is more commonly performed for ILC than for IDC due to the typically larger extension of ILC and preference of surgeons and patients, we still observed relatively high rates of initial mastectomies in both groups. This is probably mainly explained by the long time span of the study, since we observed a clear decline of the rate of initial mastectomies over time. The initial mastectomy rate of 35% observed in 2005 is comparable to reported values in literature [START_REF] Dillon | Identifying patients at risk of compromised margins following breast conservation for lobular carcinoma[END_REF][START_REF] Morrow | Selecting patients for breast-conserving therapy: the importance of lobular histology[END_REF]. Third, from the observed similarity in the rates of initial mastectomy between groups it is likely that a selection bias has occurred. Many studies have shown that preoperative MRI changes the surgical approach in 22-44% of patients [START_REF] Caramella | Value of MRI in the surgical planning of invasive lobular breast carcinoma: a prospective and a retrospective study of 57 cases: comparison with physical examination, conventional imaging, and histology[END_REF][START_REF] Kepple | Correlation of magnetic resonance imaging and pathologic size of infiltrating lobular carcinoma of the breast[END_REF][START_REF] Kneeshaw | Dynamic contrast enhanced magnetic resonance imaging aids the surgical management of invasive lobular breast cancer[END_REF][START_REF] Mann | The value of MRI compared to mammography in the assessment of tumour extent in invasive lobular carcinoma of the breast[END_REF][START_REF] Qayyum | MR imaging features of infiltrating lobular carcinoma of the breast: histopathologic correlation[END_REF][START_REF] Rodenko | MR imaging in the management before surgery of lobular carcinoma of the breast: correlation with pathology[END_REF][START_REF] Schelfout | Preoperative breast MRI in patients with invasive lobular breast cancer[END_REF][START_REF] Weinstein | MR imaging of the breast in patients with invasive lobular carcinoma[END_REF], and as mentioned before, in 12-33% of patients this change is a conversion from BCS to mastectomy [START_REF] Caramella | Value of MRI in the surgical planning of invasive lobular breast carcinoma: a prospective and a retrospective study of 57 cases: comparison with physical examination, conventional imaging, and histology[END_REF][START_REF] Kneeshaw | Dynamic contrast enhanced magnetic resonance imaging aids the surgical management of invasive lobular breast cancer[END_REF][START_REF] Rodenko | MR imaging in the management before surgery of lobular carcinoma of the breast: correlation with pathology[END_REF][START_REF] Bedrosian | Changes in the surgical management of patients with breast carcinoma based on preoperative magnetic resonance imaging[END_REF][START_REF] Fabre | Breast MRI in invasive lobular carcinoma: diagnosis and staging[END_REF][START_REF] Munot | Role of magnetic resonance imaging in the diagnosis and single-stage surgical resection of invasive lobular carcinoma of the breast[END_REF][START_REF] Quan | Magnetic resonance imaging detects unsuspected disease in patients with invasive lobular cancer[END_REF]. Based on few reported findings, this rate of therapy change is balanced by a conversion rate in the opposite direction of approximately 5% [START_REF] Caramella | Value of MRI in the surgical planning of invasive lobular breast carcinoma: a prospective and a retrospective study of 57 cases: comparison with physical examination, conventional imaging, and histology[END_REF]. Consequently, a 15-20% higher initial mastectomy rate in the MR? group would be expected. Since tumor sizes were not different between groups, nor was the rate of multifocality, patients who were unlikely to undergo BCS based on psychological factors, were apparently also less likely to undergo preoperative MRI. We believe this also explains the slight age difference between groups that is also observed in other studies [START_REF] Pengel | The impact of preoperative MRI on breast-conserving surgery of invasive cancer: a comparative cohort study[END_REF][START_REF] Solin | Relationship of breast magnetic resonance imaging to outcome after breast-conservation treatment with radiation for women with early-stage invasive breast carcinoma or ductal carcinoma in situ[END_REF].

Fourth, all patients were treated in tertiary dedicated cancer centers, generally treating larger and more technically challenging carcinomas. Both centers also had a wide experience in the use of breast MRI which may have improved the outcomes of this study. Since breast MRI is subject to a learning curve for both radiologists and surgeons, our results cannot be directly extrapolated to centers without extensive experience.

Last, breast MRI has also evolved over time. Consequently, the MRI protocols were non-uniform in the study period. Moreover, nowadays spatial resolutions are achievable that were impossible only 5 years ago. Furthermore, the addition of other sequences, such as T2 and diffusion weighted imaging, may further improve preoperative staging. Our study only evaluated the use of contrast enhanced breast MRI. It is therefore impossible to tell whether or not such advantages may result in further benefit for patients [START_REF] Kuhl | The current status of breast MR imaging. Part I. Choice of technique, image interpretation, diagnostic accuracy, and transfer to clinical practice[END_REF][START_REF] Turnbull | Dynamic contrast-enhanced MRI in the diagnosis and management of breast cancer[END_REF].

Since we only evaluated ILC, it is not possible to extrapolate our findings to other types of breast cancer. However, we need to discuss the role of preoperative breast MRI in patients who do not qualify for BCS. The main objection that preoperative breast MRI will increase the chance of mastectomy obviously does not hold. Conversely, there is a small chance that preoperative breast MRI will result in BCS due to better delineation of the tumor [START_REF] Caramella | Value of MRI in the surgical planning of invasive lobular breast carcinoma: a prospective and a retrospective study of 57 cases: comparison with physical examination, conventional imaging, and histology[END_REF]. Moreover, the indication for screening of the contralateral breast remains valid regardless of the size of the ipsilateral tumor [START_REF] Basset | ACR practice guideline for the performance of contrast-enhanced magnetic resonance imaging (MRI) of the breast[END_REF][START_REF] Mann | Breast MRI: guidelines from the European Society of Breast Imaging[END_REF]. Thus, for optimal therapy and optimal performance of preoperative MRI, it is recommended in all patients with ILC, not only the subset that is eligible for BCS.

In summary, preoperative breast MRI in patients with ILC leads to a reduction of the re-excision rate without increasing the rate of initial mastectomies and is thus directly beneficial for patients with ILC.

Fig. 1

 1 Fig. 1 Rate of patients initially treated with mastectomy by year of inclusion

Table 1

 1 Characteristics of the patients included in the study

		MR-	MR?	P value
		(N = 168)	(N = 99)	
	Age (years)			
	Mean	61 ± 13	56 ± 10	0.001
	Median	60	57	
	Range	37-89	36-86	
	Menopausal state			
	Premenopausal	51 (30)	30 (30)	0.880
	Postmenopausal	106 (63)	64 (65)	
	HRT	11 (7)	5 (5)	
	Family history			
	Blank	137 (82)	80 (81)	0.578
	Positive	31 (18)	18 (18)	
	BRCA mutation carrier	0 (0)	1 (1)	
	Numbers between parenthesis represent percentages	
	HRT complete hormone replacement therapy		

Table 2

 2 Pathological characteristics of the included malignancies

		MR-(N = 168)	MR? (N = 99)	P value
	Size (cm)			
	Mean	3.4 ± 2.8	3.4 ± 2.6	0.985
	Median	2.3	2.4	
	Range	0.1-14.0	0.2-11.0	
	Focality			
	Unifocal	80 (48)	44 (44)	0.615
	Multifocal	88 (52)	55 (56)	
	DCIS present			
	No	128 (76)	74 (75)	0.849
	Limited	28 (17)	17 (17)	
	Extensive	9 (5)	7 (7)	
	LCIS present			
	No	31 (18)	19 (19)	0.994
	Limited	57 (34)	34 (34)	
	Extensive	78 (46)	46 (46)	
	Estrogen receptor expression		
	Negative	5 (3)	2 (2)	0.720
	Positive	144 (86)	83 (84)	
	Missing	19 (11)	14 (14)	
	Progesterone receptor expression		
	Negative	36 (21)	17 (17)	0.460
	Positive	111 (66)	67 (68)	
	Missing	21 (13)	15 (15)	
	Her2/Neu expression		
	Normal	88 (52)	55 (56)	0.057
	Over expressed	11 (7)	1 (1)	
	Missing	69 (41)	43 (43)	
	Numbers between parenthesis represent percentages	
	Re-excisions	25 (15)	5 (5)	0.014
	Initial mastectomies 78 (46)	44 (45)	0.753
	Final mastectomies 99 (59)	48 (48)	0.098
	Numbers between parenthesis represent percentages	

DCIS ductal carcinoma in situ, LCIS lobular carcinoma in situ Table 3 Rate of re-excisions and mastectomies in the entire study population MR-(N = 168) MR? (N = 99) P value

Table 4

 4 Results in the subset of patients that initially underwent BCS

		MRI-	MRI?	P value
	N	90	55	
	Mean tumor size (cm)	2.1 ± 1.4	2.0 ± 1.4	0.724
	Multifocal	37 (41)	19 (34)	0.431
	Re-excisions	24 (27)	5 (9)	0.010
	Final mastectomies	21 (23)	4 (7)	0.013
	Numbers between parenthesis represent percentages	
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