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Abstract
This paper reports findings of the “Focus on Controversial Areas” Working Party of the Italian Senonetwork,
which was set up to improve the care of breast cancer patients. After reviewing articles in English on the MEDLINE
system on breast conserving surgery for invasive carcinoma, the Working Party presents their recommendations
for identifying risk factors for positive margins, suggests how to manage them so as to achieve the highest possible percentage of negative margins, and proposes standards for investigating resection margins and therapeutic
approaches according to margin status. When margins are positive, approaches include re-excision, mastectomy,
or, as second-line treatment, radiotherapy with a high boost dose. When margins are negative, boost administration and its dose depend on the risk of local recurrence, which is linked to biopathological tumor features and
surgical margin width. Although margin status does not affect the choice of systemic therapy, it may delay the
start of chemotherapy when further surgery is required.
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Introduction
The purpose of breast-conserving surgery (BCS) for
women with cancer is to perform an oncologically radical
procedure with disease-free margins at the final histological
assessment and with the best aesthetic result possible (1).
Even if the margins are negative, cancer cells may be present in the apparently healthy tissue beyond them, which is
why adjuvant radiotherapy is almost always administered in
association with BCS (2). When the margin is frankly positive,
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re-excision or mastectomy is indicated, since retrospective
studies and meta-analyses show that patients who do not
undergo re-excision are at increased risk of local recurrence
(3-5). It is also important to note that re-excision may have
a poor cosmetic outcome (obviating the reason for conservative treatment), delay adjuvant treatment, and cause the
patient considerable stress (6).
Many recent studies aimed to identify prognostic factors
of margin positivity in order to select patients who are most
at risk of re-excision after BCS. Significant predictors of positive margins after BCS include microcalcifications (vs. nodular
or mass lesions), size of the principal lesion (≥2 cm vs. <1 cm)
and ductal carcinoma in situ (7-10). According to some authors they permit a priori selection of patients at high risk of
surgical re-excision (11), while other factors like multifocality or a lobular component (12) cannot always be ascertained
before surgery.
The present report is based on a consensus reached by
the Focus on Controversial Areas Working Party belonging
to the Italian Network of Senology Centers (Senonetwork).
Senonetwork Italy started in March 2012 to promote breast
© 2016 Wichtig Publishing
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cancer treatment in Italy that conforms to the guidelines
set out by the European Society of Breast Cancer Specialists
(EUSOMA). All Italian breast cancer centers treating over
150 new cases per year are being urged to adhere to Senonetwork Italy initiatives.
After reviewing articles in English on the MEDLINE system, the Working Party here presents their recommendations for identifying risk factors for positive margins, suggests
how to manage them so as to achieve the highest possible
percentage of negative margins, and proposes standards for
investigating resection margins and therapeutic approaches
according to margin status.

Indications for breast-conserving surgery
When proposing BCS, proper indications are essential
to obtain negative margins. Such indications include an
appropriate ratio between breast size and tumor size, the
presence or absence of microcalcifications in the area surrounding the tumor, the site of the tumor, targeted of radiotherapy, and patient preference. These indications are the
fruit of careful multidisciplinary preoperative assessment
involving specialists like surgical, medical and radiation oncologists, the plastic surgeon, the diagnostic radiologist, and
the pathologist. According to the site of the tumor and its
biological and pathological characteristics, the multidisciplinary team decides whether or not neoadjuvant chemotherapy is required to reduce the tumor volume before BCS
(13). Marking the tumor before neoadjuvant chemotherapy
is recommended, because any cancer downstaging after
treatment may alter the initial anatomical landmarks. When
microcalcifications are found over a wide area, the multidisciplinary team will decide along with the patient whether
BCS is the best option.

Preoperative phase: breast imaging
BCS as an option is assessed based on the results of clinical and radiological tests that should be performed by expert
radiologists working in the breast unit. Mammography and
ultrasound, either alone or in combination, remain the primary diagnostic and preoperative imaging methods as they
visualize the tumor (which manifests principally as a mass or
microcalcifications), assess its extent, detect multiple foci and
exclude contralateral carcinomas, which are found in 1%-3%
of cases at diagnosis (14). Mammography detects both the
tumor mass and/or microcalcifications, thus enabling the radiologist to map their distribution. Tomosynthesis, a special
kind of mammography that produces a 3-dimensional image
of the breast by using several low-dose x-rays obtained at different angles, detects and maps lesions that tissue overlap
might hide in standard mammography (15). Initial clinical experiences seem to indicate it is particularly useful in elucidating parenchymal distortions in dense breasts. Moreover, in
women with dense breast tissue or mammography findings
of nodular/mass lesions, ultrasound is recommended according to the EUSOMA indications (16, 17).
Although ultrasound is used for preoperative mapping
of multifocal cancer, its limitations may preclude a precise
definition of disease extent, which may, at times, be underes© 2016 Wichtig Publishing
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timated (18, 19). Since ultrasound is an operator-dependent
mode of measurement, standards are still lacking, despite a
common terminology for the various degrees of suspicion
(BI-RADS).
Magnetic resonance imaging (MRI) has come to play a
key role in the preoperative workup for breast cancer. MRI is
reported to be more sensitive than mammography and ultrasound in determining tumor size and disease extent, identifying multifocality, and assessing the response to neoadjuvant
chemotherapy (20-25). Furthermore, contrary to what was
initially believed, MRI is more accurate than mammography
alone (range: 38%-64% vs. 27%-43%) in defining intraductal
disease and an extended intraductal component (26-28). MRI
highlights additional lesions in 6% to 34% of cases (29), with
a higher frequency in high-risk women and women with invasive lobular carcinoma (30-32). Despite this advantage, MRI’s
specificity is low and the number of false positives significant
(33). A MRI-guided biopsy of suspicious lesions detected only
on MRI may lower the false positive rate (34).
A meta-analysis of 19 studies showed preoperative MRI
led to a change in the surgical approach in 16.6% of cases, increasing the number of wide excisions and mastectomies correctly in 11.1% but amounting to overtreatment in 5.5% (35).
Even though MRI slightly overestimated tumor size compared
with histology, the overestimation was not clinically significant (36) and MRI does not appear to be of help in reducing
the repeat operation rate (37). However, there are still some
controversies regarding the clinical utility of MRI and whether
its use improves surgical management; in fact, MRI cannot be
considered suitable as the only approach for a preoperative
evaluation of the breast.
Given these limitations, EUSOMA drew up international
guidelines recommending preoperative MRI in the following
cases (33): a) invasive lobular carcinoma; b) age under 60 years
with a difference in tumor size >1 cm between mammography and ultrasound when expected to impact on treatment
decision-making; and c) eligibility for partial breast irradiation.
For preoperative MRI candidates who cannot have MRI for any
reason, ultrasound was recommended.
Breast density is not an indication for preoperative MRI.
According to EUSOMA, specifically designed randomized
or observational studies are needed in patients with dense
breasts who are <40 years of age or who have an intermediate lifetime risk (15%-20%) due to other factors.
To sum up, in preoperative breast imaging mammography alone defines disease extent in cases of microcalcifications, in fatty breasts, and in patients who are not eligible
for partial breast irradiation. In all other cases mammography should be combined with ultrasound and/or MRI (according to the EUSOMA criteria). MRI should always be used
if the preoperative biopsy demonstrated an invasive lobular
lesion, an extensive intraductal component, or suspected
multifocality.
Although modern imaging techniques provide much better definition of disease extent, thus improving treatment
choice and outcomes, there is no evidence that they impact
upon margin status. Among the new techniques that are currently under investigation, preliminary reports suggest elastosonography is promising as a potential method for reducing
positive margins in invasive lobular tumors (38).
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Intraoperative phase: breast surgery
To obtain negative margins and minimize the risk of reoperation, particularly in cases of occult breast cancer, certain
techniques and preoperative procedures should be implemented. For example, charcoal, metal wire, and radioguided
occult lesion localization (ROLL) help localize the cancer site
but their accuracy depends on each center’s volume of patients and experience (39-41).
For palpable lesions, the resection should include the
tumor and an adequate amount of surrounding healthy
tissue. Once the surgical specimen has been removed, the
surgeon uses a method agreed on with the pathologist, to
position guiding markers on the resection margin circumference for easy orientation. If the skin has not been removed, the upper margin must be indicated. Macroscopic
evaluation of the resection margins is essential. The pathologist informs the surgeon which margin is nearest to the
cancer, and whether and where any enlargement should be
performed.
For microcalcifications and/or nonpalpable lesions a 2-dimensional x-ray of the specimen will ascertain whether they
have been removed. When small nonpalpable lesions are visible on the x-ray, their distance from the margins can be measured. The x-ray will also show any clips that were left during
biopsy sampling.
Although rarely considered in clinical practice, intraoperative ultrasound can be an alternative approach for obtaining
negative margins.
In the last decade, routine frozen section evaluation of
margins has been optional and does not guarantee negative
margins after complete examination (42).

Postoperative phase
Pathology
The results of the microscopic examination provide a
detailed description of the surgical sample and how it was
analyzed (43). After BCS resection margins are marked with
China ink or multiple color pigments for correct identification and assessment. Small-to-medium-sized specimens are
sectioned at 3-5-mm intervals, perpendicularly to one of the
spatial axes (e.g., medial-lateral) or parallel to the nipple and
the fascia pectoral direction. Methods for analyzing specimens include a) perpendicular samples in ordinary blocks;
b) perpendicular samples in large blocks (macro-sections);
c) shaved samples (peeling); d) biopsies separate from the
surgical cavity/bed. All procedures accurately assess the
excision margins and measure the distance between the
excision surfaces and the lesion precisely. With sequential
sampling in ordinary blocks, lesion extension is calculated
by multiplying the number of consecutive levels in the sample by level thickness. If this is not possible, an x-ray of the
macro-sections is highly recommended.
Some of the common terminology for defining surgical
resection margins is obsolete and hard to apply when selecting treatment approaches. In accordance with the Society
of Surgical Oncology (SSO) and American Society for Radiation Oncology (ASTRO) consensus guideline (44), we opted

for positive or negative margins but decided to include further information:
Positive margin (ink on the lesion), specifying a) which
margin(s); b) whether invasive foci are single or multiple;
c) the linear extent of margin involvement in millimeters;
d) an in situ component on the margin.
Tumor-free (negative) margin (no ink on the invasive
neoplastic lesion and/or any in situ ductal component). The
distance of the lesion from the margins that have been macroscopically sampled should be specified (including the distance from any in situ component).
The SSO guideline is applicable to invasive, early-stage
breast cancer.
Radiotherapy
Besides margin status, clinical features, pathological and
biopathological disease characteristics determine whether radiotherapy will be delivered and what total dose will be used.
Decision-making is carried out by the multidisciplinary team.
Positive margin (tumor on inked margin)
In case of multiple positive margins a re-excision must
always be requested because of the high risk of recurrence.
Positive margins with anterior under skin and posterior to
muscle locations (deep margin 10 mm) do not require reexcision or a boost dose increase, as there is no additional
breast tissue left behind (45, 46).
When the patient refuses re-excision or when, after a
re-excision with positive margins, a second conservative approach is not technically possible and/or the patient refuses
to undergo a mastectomy, radiotherapy is recommended
with the boost dose increased up to a maximum of 20 Gy
(or equivalent dose in hypofractionated schedules) (47-50).
Indeed, in the EORTC study, when margins were positive,
high doses decreased the local recurrence rate (10.8% with a
26 Gy boost vs. 17.5% with a 10 Gy boost), although not significantly, probably due to the small population sample. Doses >20 Gy should be avoided because of the excess risk of side
effects and poor cosmetic outcome (48). Informed consent is
essential because radiotherapy in these cases is second-line
treatment and even with the high-dose boost is not associated with the same success rate as surgery. Extensive discussion with the patient is required.
When only 1 margin is positive, the multidisciplinary team
may opt for either re-excision or radiotherapy with increased
but variable boost doses, generally up to a maximum of 20 Gy
(or equivalent dose in hypofractionated schedules). The decision will be based on the linear margin extent and the presence of risk factors for local recurrence (e.g., young age, large
tumor size, high grade, lymph node involvement, extensive
intraductal component, high Ki-67) (49-58).
Negative margin (no tumor on inked margin)
The boost may be omitted in the absence of any risk factors for relapse (59), particularly in the elderly, as a clinically
significant benefit from the boost is questionable in this age
group (60). The boost is administered when unfavorable risk
© 2016 Wichtig Publishing
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factors for local recurrence are present, and the dose will vary
accordingly: 10 Gy is the standard in Italy; 14 -20 Gy (or equivalent doses in hypofractionated schedules) may be given in
selected high-risk cases on account of the risk factors and
short surgical margin distance from the tumor.
Systemic treatments
The choice of treatment depends mainly on the biological
characteristics and partly on disease extent (T and N). Positive
margin status may impact on systemic treatment as the need
for re-excision could delay its start. According to recent ESMO
guidelines (61), treatment should start preferably within 2 to
6 weeks of surgery. In particular, physicians should remember
that the efficacy of systemic therapy is lower when it is administered more than 12 weeks after surgery (62).
The 12-week cut-off was derived from adjuvant chemotherapy trials, which established that time from surgery to
chemotherapy should range from 8 to 12 weeks. However,
since no patients were admitted to the trials after the 12-week
deadline, the impact of starting chemotherapy later is as yet
unknown.

Concluding remarks
In recent years, new imaging, diagnostic and surgical techniques ensure better selection of eligible patients for BCS,
which is now established as treatment for breast cancer patients. Many previously absolute contraindications to BCS have
become relative or are even no longer contraindications (63)
and BCS plus radiotherapy, for example, is now considered safe
even for patients ≤35 years of age at diagnosis (64, 65).
Although examination of surgical resection margins aims
at complete removal of cancer embedded within the breast
parenchyma, multidisciplinary teams and working parties that
focus on breast cancer still encounter difficulties in selecting appropriate management strategies for different margin statuses.
The intraoperative phase is crucial in determining whether
margins are positive or cancer free. Macroscopic examination
provides useful information such as the distance between the
tumor and the resection margins so that, if required, the surgical oncologist can perform a re-excision without the need
for a deferred operation. Modern techniques such as ROLL
facilitate the identification of clinically nonpalpable lesions in
centers with appropriate expertise. An x-ray of the surgical
specimen is a valid tool for determining whether microcalcifications and/or nonpalpable lesions have been removed.
In the postoperative phase microscopic examination of
the surgical specimen provides information on margin status,
on the distance between the margins and the tumor, and on
the biological phenotype of the cancer. These data aid the
multidisciplinary cancer care team in planning therapy so as
to minimize the risk of recurrence.
When margins are positive, approaches may include
re-excision, mastectomy or, as second-line treatment, radiotherapy with a high boost dose. In accordance with the
SSO-ASTRO consensus guideline (44), the choice of boost
administration and its dose for patients with negative margins should be based on the risk of local recurrence, which
is linked to clinical, pathological and biopathological tumor
© 2016 Wichtig Publishing

Fig. 1 - In this flowchart we propose a model for the management of
resection margins in breast-conserving surgery. After the definition
of clinical and radiological indications, the margins are macroscopically evaluated intraoperatively and in case of microcalcifications
they are examined by x-ray. The pathologist defines the margins as
negative or positive. In case of positive margins, surgical re-excision
is required.

features and should not be based only on the width of the
surgical margins. Differently from the SSO-ASTRO consensus
guideline, the Senonetwork recommendations propose modulating the boost doses depending on risk factors and margin status. Although margin status does not affect the choice
of systemic therapy, it may delay the start of chemotherapy
when further surgery is required. The Senonetwork recommendations are summarized in Figure 1.
Finally, evidence shows that BCS is a valid strategy and that
a targeted approach depends on knowledge of clinical features,
diagnostic imaging, and biopathological and molecular tumor
factors (65, 66). In the future, advances in what is known about
the molecular and genetic factors underlying breast cancer development may ensure that every patient has her own targeted
treatment protocol, with the greatest possible chances of cure.

Acknowledgment
We acknowledge William Russell-Edu and Geraldine A. Boyd for
support in editing the draft of this manuscript and Maria Grazia
Villardita for help with manuscript preparation.

Disclosures
Financial support: None.
Conflict of interest: The authors have no conflicts of interest in
regard to the content of this manuscript.

References
1.

Singletary SE. Surgical margins in patients with early-stage
breast cancer treated with breast conservation therapy. Am J
Surg. 2002;184(5):383-393.

Resection margins: Senonetwork recommendations

288
2.
3.
4.
5.

6.

7.
8.
9.

10.
11.

12.

13.
14.

15.

16.
17.
18.
19.
20.
21.
22.

Schwartz GF, Veronesi U, Clough KB, et al; Consensus Conference Committee. Consensus conference on breast conservation. J Am Coll Surg. 2006;203(2):198-207.
Jacobs L. Positive margins: the challenge continues for breast
surgeons. Ann Surg Oncol. 2008;15(5):1271-1272.
Miller AR, Brandao G, Prihoda TJ, Hill C, Cruz AB Jr, Yeh IT. Positive
margins following surgical resection of breast carcinoma: analysis
of pathologic correlates. J Surg Oncol. 2004;86(3):134-140.
Cao D, Lin C, Woo SH, Vang R, Tsangaris TN, Argani P. Separate
cavity margin sampling at the time of initial breast lumpectomy significantly reduces the need for reexcisions. Am J Surg
Pathol. 2005;29(12):1625-1632.
Azu M, Abrahamse P, Katz SJ, Jagsi R, Morrow M. What is
an adequate margin for breast-conserving surgery? Surgeon attitudes and correlates. Ann Surg Oncol. 2010;17(2):
558-563.
Kurniawan ED, Wong MH, Windle I, et al. Predictors of surgical margin status in breast-conserving surgery within a breast
screening program. Ann Surg Oncol. 2008;15(9):2542-2549.
Corsi F, Sorrentino L, Bossi D, Sartani A, Foschi D. Preoperative
localization and surgical margins in conservative breast surgery. Int J Surg Oncol. 2013;2013:793819.
Reedijk M, Hodgson N, Gohla G, et al. A prospective study of
tumor and technical factors associated with positive margins in
breast-conservation therapy for nonpalpable malignancy. Am J
Surg. 2012;204(3):263-268.
Shin HC, Han W, Moon HG, et al. Nomogram for predicting positive resection margins after breast-conserving surgery. Breast
Cancer Res Treat. 2012;134(3):1115-1123.
Jones HA, Antonini N, Hart AA, et al. Impact of pathological
characteristics on local relapse after breast-conserving therapy: a subgroup analysis of the EORTC boost versus no boost
trial. J Clin Oncol. 2009;27(30):4939-4947.
Demirci S, Broadwater G, Marks LB, Clough R, Prosnitz LR.
Breast conservation therapy: the influence of molecular subtype and margins. Int J Radiat Oncol Biol Phys. 2012;83(3):
814-820.
Colleoni M, Goldhirsch A. Neoadjuvant chemotherapy for breast
cancer: any progress? Lancet Oncol. 2014;15(2):131-132.
Brennan ME, Houssami N, Lord S, et al. Magnetic resonance
imaging screening of the contralateral breast in women with
newly diagnosed breast cancer: systematic review and metaanalysis of incremental cancer detection and impact on surgical management. J Clin Oncol. 2009;27(33):5640-5649.
Luparia A, Mariscotti G, Durando M, et al. Accuracy of tumour
size assessment in the preoperative staging of breast cancer:
comparison of digital mammography, tomosynthesis, ultrasound and MRI. Radiol Med. 2013;118(7):1119-1136.
Perry NM; EUSOMA Working Party. Quality assurance in the
diagnosis of breast disease. Eur J Cancer. 2001;37(2):159-172.
Hooley RJ, Scoutt LM, Philpotts LE. Breast ultrasonography:
state of the art. Radiology. 2013;268(3):642-659.
Dummin LJ, Cox M, Plant L. Prediction of breast tumor size by
mammography and sonography—A breast screen experience.
Breast. 2007;16(1):38-46.
Heusinger K, Löhberg C, Lux MP, et al. Assessment of breast
cancer tumor size depends on method, histopathology and tumor size itself*. Breast Cancer Res Treat. 2005;94(1):17-23.
Boetes C, Mus RD, Holland R, et al. Breast tumors: comparative
accuracy of MR imaging relative to mammography and US for
demonstrating extent. Radiology. 1995;197(3):743-747.
Fischer U, Kopka L, Grabbe E. Breast carcinoma: effect of preoperative contrast-enhanced MR imaging on the therapeutic
approach. Radiology. 1999;213(3):881-888.
Morris EA. Cancer staging with breast MR imaging. Magn Reson Imaging Clin N Am. 2001;9(2):333-344, vi-vii.

23. Hata T, Takahashi H, Watanabe K, et al. Magnetic resonance
imaging for preoperative evaluation of breast cancer: a comparative study with mammography and ultrasonography. J Am
Coll Surg. 2004;198(2):190-197.
24. Van Goethem M, Schelfout K, Dijckmans L, et al. MR mammography in the pre-operative staging of breast cancer in patients
with dense breast tissue: comparison with mammography and
ultrasound. Eur Radiol. 2004;14(5):809-816.
25. Padhani AR, Hayes C, Assersohn L, et al. Prediction of clinicopathologic response of breast cancer to primary chemotherapy at contrast-enhanced MR imaging: initial clinical results.
Radiology. 2006;239(2):361-374.
26. Schouten van der Velden AP, Boetes C, Bult P, Wobbes T. The
value of magnetic resonance imaging in diagnosis and size assessment of in situ and small invasive breast carcinoma. Am J
Surg. 2006;192(2):172-178.
27. Van Goethem M, Schelfout K, Kersschot E, et al. MR mammography is useful in the preoperative locoregional staging of
breast carcinomas with extensive intraductal component. Eur J
Radiol. 2007;62(2):273-282.
28. Kim MJ, Kim EK, Lee JY, et al. Breast cancer from the excisional scar of a benign mass. Korean J Radiol. 2007;8(3):
254-257.
29. Liberman L. Breast MR imaging in assessing extent of disease.
Magn Reson Imaging Clin N Am. 2006;14(3):339-349, vi.
30. Kuhl CK, Schrading S, Leutner CC, et al. Mammography, breast
ultrasound, and magnetic resonance imaging for surveillance
of women at high familial risk for breast cancer. J Clin Oncol.
2005;23(33):8469-8476.
31. Sardanelli F, Podo F, D’Agnolo G, et al; High Breast Cancer Risk
Italian Trial. Multicenter comparative multimodality surveillance
of women at genetic-familial high risk for breast cancer (HIBCRIT
study): interim results. Radiology. 2007;242(3):698-715.
32. Mann RM, Hoogeveen YL, Blickman JG, Boetes C. MRI compared
to conventional diagnostic work-up in the detection and evaluation of invasive lobular carcinoma of the breast: a review of
existing literature. Breast Cancer Res Treat. 2008;107(1):1-14.
33. Sardanelli F, Boetes C, Borisch B, et al. Magnetic resonance
imaging of the breast: recommendations from the EUSOMA
working group. Eur J Cancer. 2010;46(8):1296-1316.
34. Myers KS, Kamel IR, Macura KJ. MRI-guided breast biopsy: outcomes and effect on patient management. Clin Breast Cancer.
2015;15(2):143-152.
35. Houssami N, Ciatto S, Macaskill P, et al. Accuracy and surgical
impact of magnetic resonance imaging in breast cancer staging:
systematic review and meta-analysis in detection of multifocal
and multicentric cancer. J Clin Oncol. 2008;26(19):3248-3258.
36. Marinovich ML, Macaskill P, Irwig L, et al. Meta-analysis of
agreement between MRI and pathologic breast tumour size
after neoadjuvant chemotherapy. Br J Cancer. 2013;109(6):
1528-1536.
37. Turnbull L, Brown S, Harvey I, et al. Comparative effectiveness
of MRI in breast cancer (COMICE) trial: a randomised controlled trial. Lancet. 2010;375(9714):563-571.
38. Meier-Meitinger M, Häberle L, Fasching PA, et al. Assessment
of breast cancer tumour size using six different methods. Eur
Radiol. 2011;21(6):1180-1187.
39. Luini A, Zurrida S, Paganelli G, et al. Comparison of radioguided excision with wire localization of occult breast lesions. Br
J Surg. 1999;86(4):522-525.
40. De Cicco C, Pizzamiglio M, Trifirò G, et al. Radioguided occult
lesion localisation (ROLL) and surgical biopsy in breast cancer.
Technical aspects. Q J Nucl Med. 2002;46(2):145-151.
41. Paganelli G, Luini A, Veronesi U. Radioguided occult lesion localization (ROLL) in breast cancer: maximizing efficacy, minimizing mutilation. Ann Oncol. 2002;13(12):1839-1840.

© 2016 Wichtig Publishing

Galimberti et al
42. Morrow M, Strom EA, Bassett LW, et al; American College of
Radiology; American College of Surgeons; Society of Surgical
Oncology; College of American Pathology. Standard for breast
conservation therapy in the management of invasive breast
carcinoma. CA Cancer J Clin. 2002;52(5):277-300.
43. Wells CA, ed. Quality assurance guidelines for pathology. In:
Perry N, Broeders M, de Wolf C, Törnberg S, Holland R, von Karsa L, eds. European guidelines for quality assurance in breast
cancer screening and diagnosis. Fourth edition. Luxembourg:
Office for Official Publications of the European Communities
2006;221-311.
44. Moran MS, Schnitt SJ, Giuliano AE, et al. Society of Surgical
Oncology-American Society for Radiation Oncology consensus guideline on margins for breast-conserving surgery with
whole-breast irradiation in stages I and II invasive breast cancer. Int J Radiat Oncol Biol Phys. 2014;88(3):553-564.
45. Leong C, Boyages J, Jayasinghe UW, et al. Effect of margins on
ipsilateral breast tumor recurrence after breast conservation
therapy for lymph node-negative breast carcinoma. Cancer.
2004;100(9):1823-1832.
46. McIntosh A, Freedman G, Eisenberg D, Anderson P. Recurrence
rates and analysis of close or positive margins in patients treated without re-excision before radiation for breast cancer. Am J
Clin Oncol. 2007;30(2):146-151.
47. Livi L, Meattini I, Franceschini D, et al. Radiotherapy boost
dose-escalation for invasive breast cancer after breast-conserving surgery: 2093 patients treated with a prospective margin-directed policy. Radiother Oncol. 2013;108(2):273-278.
48. Poortmans PM, Collette L, Horiot JC, et al; EORTC Radiation Oncology and Breast Cancer Groups. Impact of the boost dose of
10 Gy versus 26 Gy in patients with early stage breast cancer after a microscopically incomplete lumpectomy: 10-year results of
the randomised EORTC boost trial. Radiother Oncol. 2009;90(1):
80-85.
49. Neuschatz AC, DiPetrillo T, Safaii H, Price LL, Schmidt-Ullrich
RK, Wazer DE. Long-term follow-up of a prospective policy of
margin-directed radiation dose escalation in breast-conserving
therapy. Cancer. 2003;97(1):30-39.
50. NCCN (National Comprehensive Cancer Network). Clinical practice guidelines in oncology. NCCN guidelines for treatment of
cancer by site. Version 2.2015. Available at: http://www.nccn.
org/professionals/physician_gls/f_guidelines.asp. Accessed September 7, 2015.
51. Wazer DE, Schmidt-Ullrich RK, Ruthazer R, et al. Factors determining outcome for breast-conserving irradiation with margindirected dose escalation to the tumor bed. Int J Radiat Oncol
Biol Phys. 1998;40(4):851-858.
52. Freedman G, Fowble B, Hanlon A, et al. Patients with early
stage invasive cancer with close or positive margins treated
with conservative surgery and radiation have an increased risk
of breast recurrence that is delayed by adjuvant systemic therapy. Int J Radiat Oncol Biol Phys. 1999;44(5):1005-1015.
53. Touboul E, Buffat L, Belkacémi Y, et al. Local recurrences and
distant metastases after breast-conserving surgery and radiation therapy for early breast cancer. Int J Radiat Oncol Biol
Phys. 1999;43(1):25-38.

© 2016 Wichtig Publishing

289
54. Park CC, Mitsumori M, Nixon A, et al. Outcome at 8 years after
breast-conserving surgery and radiation therapy for invasive
breast cancer: influence of margin status and systemic therapy
on local recurrence. J Clin Oncol. 2000;18(8):1668-1675.
55. Freedman GM, Hanlon AL, Fowble BL, Anderson PR, Nicolaou
N. Recursive partitioning identifies patients at high and low
risk for ipsilateral tumor recurrence after breast-conserving
surgery and radiation. J Clin Oncol. 2002;20(19):4015-4021.
56. Aristei C, Leonardi C, Stracci F, et al. Risk factors for relapse after conservative treatment in T1-T2 breast cancer with one to
three positive axillary nodes: results of an observational study.
Ann Oncol. 2011;22(4):842-847.
57. van Werkhoven E, Hart G, Tinteren H, et al. Nomogram to predict ipsilateral breast relapse based on pathology review from
the EORTC 22881-10882 boost versus no boost trial. Radiother
Oncol. 2011;100(1):101-107.
58. van der Leij F, Elkhuizen PHM, Bartelink H, van de Vijver MJ.
Predictive factors for local recurrence in breast cancer. Semin
Radiat Oncol. 2012;22(2):100-107.
59. Bartelink H, Maingon P, Poortmans P, et al; European Organisation for Research and Treatment of Cancer Radiation
Oncology and Breast Cancer Groups. Whole-breast irradiation with or without a boost for patients treated with breastconserving surgery for early breast cancer: 20-year followup of a randomised phase 3 trial. Lancet Oncol. 2015;16(1):
47-56.
60. Goldhirsch A, Wood WC, Coates AS, Gelber RD, Thürlimann
B, Senn HJ; Panel members. Strategies for subtypes—dealing
with the diversity of breast cancer: highlights of the St. Gallen International Expert Consensus on the Primary Therapy of
Early Breast Cancer 2011. Ann Oncol. 2011;22(8):1736-1747.
61. Senkus E, Kyriakides S, Ohno S, et al; ESMO Guidelines Committee. Primary breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2015;26(Suppl 5):v8-v30.
62. Lohrisch C, Paltiel C, Gelmon K, et al. Impact on survival of time
from definitive surgery to initiation of adjuvant chemotherapy
for early-stage breast cancer. J Clin Oncol. 2006;24(30):48884894.
63. Goldhirsch A, Winer EP, Coates AS, et al; Panel members. Personalizing the treatment of women with early breast cancer:
highlights of the St Gallen International Expert Consensus on
the Primary Therapy of Early Breast Cancer 2013. Ann Oncol.
2013;24(9):2206-2223.
64. Cao JQ, Truong PT, Olivotto IA, et al. Should women younger
than 40 years of age with invasive breast cancer have a mastectomy? 15-year outcomes in a population-based cohort. Int J
Radiat Oncol Biol Phys. 2014;90(3):509-517.
65. Hunt KK, Smith BD, Mittendorf EA. The controversy regarding
margin width in breast cancer: enough is enough. Ann Surg
Oncol. 2014;21(3):701-703.
66. Houssami N, Macaskill P, Marinovich ML, et al. Meta-analysis of the impact of surgical margins on local recurrence in
women with early-stage invasive breast cancer treated with
breast-conserving therapy. Eur J Cancer. 2010;46(18):32193232.

