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Oxford Levels of Evidence (LoE)
LoE Therapy / Prevention, Aetiology / Harm Prognosis

1a Systematic review (with homogeneity) of randomised controlled trials Systematic review (with homogeneity) of inception cohort studies; clinical 
decision rule validated in different populations 

1b Individual randomised controlled trials (with narrow Confidence 
Interval)

Individual inception cohort study with ≥ 80% follow-up; clinical decision rule 
validated in a single population

1c All or none All or none case-series

2a Systematic review (with homogeneity) of cohort studies Systematic review (with homogeneity) of either retrospective cohort studies or 
untreated control groups in randomised controlled trials

2b Individual cohort study (including low quality randomised controlled 
trials; e.g., < 80% follow-up)

Retrospective cohort study or follow-up of untreated control patients in a 
randomised controlled trials; Derivation of clinical decision rule or validated on 
split-sample only

2c "Outcomes" Research; Ecological studies "Outcomes" Research 

3a Systematic review (with homogeneity) of case-control studies

3b Individual Case-Control Study

4 Case-series (and poor quality cohort and case-control studies) Case-series (and poor quality prognostic cohort studies)

5 Expert opinion without explicit critical appraisal, or based on 
physiology, bench research or "first principles"

Expert opinion without explicit critical appraisal, or based on physiology, bench 
research or "first principles"
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Oxford Grades of Recommendation (GR)

A consistent level 1 studies 

B consistent level 2 or 3 studies or extrapolations from level 1 
studies

C level 4 studies or extrapolations from level 2 or 3 studies 

D level 5 evidence or troublingly inconsistent or inconclusive 
studies of any level



Da sich der Empfehlungsgrad der Oxford Klassifikation streng nach dem Evidenzlevel richten, gibt dieser keine Information für die 
tägliche Praxis, welches Gewicht einer ärztlichen Maßnahme im multimodalen Diagnose- und Behandlungskonzept zuzuordnen 
ist. Die Organkommission hat deshalb einen eigenen Empfehlungsgrad entwickelt, der versucht, diese Information zur Verfügung 
zu stellen. 

Während Sie durch das Evidenzlevel und den Empfehlungsgrad der Oxford Klassifikation eine Aussage zur wissenschaftlichen 
Begründung einer ärztlichen Maßnahme erhalten, stellt der AGO-Empfehlungsgrad eine Expertenbeurteilung der betreffenden 
Maßnahme dar, der eine alle Aspekte umfassende Risiko-Nutzen-Analyse zugrunde liegt.
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AGO Grades of Recommendation

++ This investigation or therapeutic intervention is highly beneficial for patients, 
can be recommended without restriction, and should be performed. 

+ This investigation or therapeutic intervention is of limited benefit for patients 
and can be performed. 

+/- This investigation or therapeutic intervention has not shown benefit for 
patients and may be performed only in individual cases. According to current 
knowledge a general recommendation cannot be given. 

- This investigation or therapeutic intervention can be of disadvantage for 
patients and might not be performed.

-- This investigation or therapeutic intervention is of clear disadvantage for 
patients and should be avoided or omitted in any case. 
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Delay of surgical therapy:
1. Allemani C, Minicozzi P, Morawski B, et al.; VENUSCANCER Working Group. Global variation in patterns of care and time to initial 

treatment for breast, cervical, and ovarian cancer from 2015 to 2018 (VENUSCANCER): a secondary analysis of individual records for 
275 792 women from 103 population-based cancer registries in 39 countries and territories. Lancet. 2025 Nov 15;406(10517):2325-
2348. doi:10.1016/S0140-6736(25)01383-2. Epub 2025 Oct 22. PMID: 41138738.

2. Hölzel D, Schlesinger-Raab A, Schubert-Fritschle G, Halfter K. Prolonged time to breast cancer surgery and the risk of metastasis: an 
explorative simulation analysis using epidemiological data from Germany and the USA. Breast Cancer Res Treat. 2025 
May;211(1):151-160. doi:10.1007/s10549-025-07630-9. Epub 2025 Feb 17. PMID: 39961969; PMCID: PMC11953083.

3. Wiener JC, Hanlon AL, Schumacher JR, et al. Reexamining time from breast cancer diagnosis to primary breast surgery. JAMA Surg. 
2023 May 1;158(5):485-492. doi:10.1001/jamasurg.2023. PMID: 36995615.

4. Cone EB, Marchese M, Paciotti M, et al. Assessment of time-to-treatment initiation and survival in a cohort of patients with common 
cancers. JAMA Netw Open. 2020;3(12):e2030072. doi:10.1001/jamanetworkopen.2020.30072. PMID: 33315115; PMCID: 
PMC7737088.

5. Hanna TP, King WD, Thibodeau S, et al. Mortality due to cancer treatment delay: systematic review and meta-analysis. BMJ. 
2020;371:m4087. doi:10.1136/bmj.m4087. PMID: 33148535; PMCID: PMC7640802.
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Surgeon:

1. Dixon JM, Grewar J, Twelves D, et al. Factors affecting the number of sentinel lymph nodes removed in patients having surgery for 
breast cancer. Breast Cancer Res Treat. 2020;184(2):335-343. doi:10.1007/s10549-020-05846-5. PMID: 32809181; PMCID: 
PMC7599142.



Statement: lumpectomy – mastectomy

1. Jansen BAM, Kelder JC, Borchert T, et al. Trends in surgical treatment for cT4 breast cancer after neoadjuvant systemic therapy: a 
nationwide study in The Netherlands. Ann Surg Oncol. 2025 Dec;32(12):8668-8677. doi:10.1245/s10434-025-17585-2. Epub 2025 Jun 
18. PMID: 40533639; PMCID: PMC12534241.

2. Wang MC (Lin CH), Yang HJ, Hung SK, et al. Comparing irradiated clinical outcomes between modified radical mastectomy and breast-
conserving surgery in patients with pathologic stage III breast cancer: a national population-based matched cohort study. Surgery. 
2025 Sep;185:109539. doi:10.1016/j.surg.2025.109539. Epub 2025 Jul 15. PMID: 40669153.

3. Ke S, Wang W, Li B, Feng Y, et al. Superior survival for breast-conserving therapy over mastectomy in patients with breast cancer: a 
population-based SEER database analysis across 30 years. Front Oncol. 2023 Jan 4;12:1032063. doi:10.3389/fonc.2022.1032063. 
PMID: 36686746; PMCID: PMC9846313.

4. De la Cruz Ku G, Karamchandani M, Chambergo-Michilot D, et al. Does breast-conserving surgery with radiotherapy have a better 
survival than mastectomy? A meta-analysis of more than 1,500,000 patients. Ann Surg Oncol. 2022 Oct;29(10):6163-6188. 
doi:10.1245/s10434-022-12133-8. Epub 2022 Jul 25. PMID: 35876923.

5. de Boniface J, Szulkin R, Johansson ALV. Survival after breast conservation vs mastectomy adjusted for comorbidity and 
socioeconomic status: a Swedish national 6-year follow-up of 48 986 women. JAMA Surg. 2021 Jul 1;156(7):628-637. 
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doi:10.1001/jamasurg.2021.1438. PMID: 33900338; PMCID: PMC8073803.

6. Christiansen P, Carstensen SL, Ejlertsen B, et al. Breast-conserving surgery versus mastectomy: overall and relative survival – a 
population-based study by the Danish Breast Cancer Cooperative Group (DBCG). Acta Oncol. 2018 Jul;57(7):1010-1018. 
doi:10.1080/0284186X.2018.1438657. Epub 2017 Nov 23. PMID: 29172790.

7. van Maaren MC, de Munck L, de Bock GH, et al. 10-year survival after breast-conserving surgery plus radiotherapy compared with 
mastectomy in early breast cancer in the Netherlands: a population-based study. Lancet Oncol. 2016 Sep;17(8):1158-1170. 
doi:10.1016/S1470-2045(16)30067-5. Epub 2016 Jul 20. PMID: 27444877.

8. Hofvind S, Holen Å, Aas T, Roman M, Sebuødegård S, Akslen LA. Women treated with breast conserving surgery do better than those 
with mastectomy independent of detection mode, prognostic and predictive tumor characteristics. Eur J Surg Oncol. 2015 
Oct;41(10):1417-1422. doi:10.1016/j.ejso.2015.07.002. Epub 2015 Jul 15. PMID: 26209465.

9. Agarwal S, Pappas L, Neumayer L, Kokeny K, Agarwal J. Effect of breast conservation therapy vs mastectomy on disease-specific 
survival for early-stage breast cancer. JAMA Surg. 2014 Mar;149(3):267-274. doi:10.1001/jamasurg.2013.3049. PMID: 24429919.

10. Fisher B, Anderson S, Bryant J, et al. Twenty-year follow-up of a randomized trial comparing total mastectomy, lumpectomy, and 
lumpectomy plus irradiation for the treatment of invasive breast cancer. N Engl J Med. 2002 Oct 17;347(16):1233-1241. 
doi:10.1056/NEJMoa022152. PMID: 12393820.

11. Veronesi U, Cascinelli N, Mariani L, et al. Twenty-year follow-up of a randomized study comparing breast-conserving surgery with 
radical mastectomy for early breast cancer. N Engl J Med. 2002 Oct 17;347(16):1227-1232. doi:10.1056/NEJMoa020989. PMID: 
12393819.

Statement: skin sparing mastectomy

1. Mota BS, Bevilacqua JLB, Barrett J, et al. Skin-sparing mastectomy for the treatment of breast cancer. Cochrane Database Syst Rev. 
2023 Mar 27;3(3):CD010993. doi:10.1002/14651858.CD010993.pub2. PMID: 36972145; PMCID: PMC10042433.

2. Lanitis S, Tekkis PP, Sgourakis G, et al. Comparison of skin-sparing mastectomy versus non-skin-sparing mastectomy for breast cancer: 
a meta-analysis of observational studies. Ann Surg. 2010 Apr;251(4):632-639. doi:10.1097/SLA.0b013e3181d35bf8. PMID: 
20224372.



3. Gerber B, Krause A, Reimer T, et al. Skin-sparing mastectomy with conservation of the nipple-areola complex and autologous 
reconstruction is an oncologically safe procedure. Ann Surg. 2009 Mar;249(3):461-468. doi:10.1097/SLA.0b013e31819a0485. PMID: 
19247032.

4. Paepke S, Schmid R, Fleckner S, et al. Subcutaneous mastectomy with conservation of the nipple-areola skin: broadening the 
indications. Ann Surg. 2009 Aug;250(2):288-292. doi:10.1097/SLA.0b013e3181b0c7b6. PMID: 19638902.

5. Patani N, Devalia H, Anderson A, Mokbel K. Oncological safety and patient satisfaction with skin-sparing mastectomy and immediate 
breast reconstruction. Surg Oncol. 2008 Jun;17(2):97-105. doi:10.1016/j.suronc.2007.05.004. Epub 2007 Jul 3. PMID: 18060702.

6. Howard MA, Polo K, Pusic AL, et al. Breast cancer local recurrence after mastectomy and TRAM flap reconstruction: incidence and 
treatment options. Plast Reconstr Surg. 2006 Apr;117(5):1381-1389. doi:10.1097/01.prs.0000201458.73421.47. PMID: 16582781.

7. Greenway RM, Schlossberg L, Dooley WC. Fifteen-year series of skin-sparing mastectomy for stage 0 to 2 breast cancer. Am J Surg.
2005 Dec;190(6):918-922. doi:10.1016/j.amjsurg.2005.08.021. PMID: 16307952.

8. Foster RD, Esserman LJ, Anthony JP, et al. Skin-sparing mastectomy and immediate breast reconstruction: a prospective cohort study 
for the treatment of advanced stages of breast carcinoma. Ann Surg Oncol. 2002 Jun;9(5):462-466. doi:10.1007/BF02573881. PMID: 
12052765.

9. Rivadeneira DE, Simmons RM, Fish SK, et al. Skin-sparing mastectomy with immediate breast reconstruction: a critical analysis of
local recurrence. Cancer. 2000 Jan 1;88(1):170-175. doi:10.1002/(SICI)1097-0142(20000101)88:1<170::AID-CNCR23>3.0.CO;2-N. 
PMID: 10618621.

10. Simmons RM, Fish SK, Gayle L, et al. Local and distant recurrence rates in skin-sparing mastectomies compared with non-skin-sparing 
mastectomies. Ann Surg Oncol. 1999 Nov;6(8):676-681. doi:10.1007/s10434-999-0676-9. PMID: 10622498.

11. Slavin SA, Schnitt SJ, Duda RB, et al. Skin-sparing mastectomy and immediate reconstruction: oncologic risks and aesthetic results in 
patients with early-stage breast cancer. Plast Reconstr Surg. 1998 Jul;102(1):49-62. doi:10.1097/00006534-199807000-00008. PMID: 
9655405.

12. Kroll SS, Schusterman MA, Tadjalli HE, et al. Risk of recurrence after treatment of early breast cancer with skin-sparing mastectomy. 
Ann Surg Oncol. 1997 Apr-May;4(3):193-197. doi:10.1007/BF02303771. PMID: 9133509.

13. Carlson GW, Bostwick J, Styblo TM, et al. Skin-sparing mastectomy. Oncologic and reconstructive considerations. Ann Surg. 1997 
Oct;225(4):570-575. doi:10.1097/00000658-199704000-00020. PMID: 9193185; PMCID: PMC1190757.



Statement: Nipple sparing mastectomy

1. Spillane S, Baker C, Lippey J. Therapeutic nipple-sparing mastectomy: a scoping review of oncologic safety and predictive factors for 
in-breast recurrence. ANZ J Surg. 2025 Jan-Feb;95(1-2):34-40. doi:10.1111/ans.19343. Epub 2024 Dec 10. PMID: 39659115.

2. Youn S, Lee E, Peiris L, et al. The nipple: a systematic review of tumor–nipple distance and oncologic outcomes in nipple-sparing
mastectomy. Ann Surg Oncol. 2023 Dec;30(13):8381-8388. doi:10.1245/s10434-023-14143-6. Epub 2023 Aug 24. PMID: 37620525.

3. Zaborowski AM, Roe S, Rothwell J, et al. A systematic review of oncological outcomes after nipple-sparing mastectomy for breast
cancer. J Surg Oncol. 2023 Mar;127(3):361-368. doi:10.1002/jso.27115. Epub 2022 Oct 8. PMID: 36208279.

4. Wu ZY, Han HH, Kim HJ, et al. A propensity score-matched analysis of long-term oncologic outcomes after nipple-sparing versus 
conventional mastectomy for locally advanced breast cancer. Ann Surg. 2022 Aug 1;276(2):386-390. 
doi:10.1097/SLA.0000000000004416. Epub 2020 Nov 18. PMID: 33201107.

5. Muller T, Baratte A, Bruant-Rodier C, et al. Oncological safety of nipple-sparing prophylactic mastectomy: a review of the literature on 
3716 cases. Ann Chir Plast Esthet. 2018 Apr;63(2):e1-e10. doi:10.1016/j.anplas.2017.09.019. Epub 2017 Oct 11. PMID: 29031460.

6. De La Cruz L, Moody AM, Tappy EE, Blankenship SA, Hecht EM. Overall survival, disease-free survival, local recurrence, and nipple–
areolar recurrence in the setting of nipple-sparing mastectomy: a meta-analysis and systematic review. Ann Surg Oncol. 2015 
Oct;22(10):3241-3249. doi:10.1245/s10434-015-4739-1. Epub 2015 Aug 5. PMID: 26242363.

7. Burdge EC, Yuen J, Hardee M, et al. Nipple skin-sparing mastectomy is feasible for advanced disease. Ann Surg Oncol. 2013 
Oct;20(10):3294-3302. doi:10.1245/s10434-013-3045-z. Epub 2013 Apr 20. PMID: 23605355.

8. Mellon P, Feron JG, Couturaud B, et al. The role of nipple-sparing mastectomy in breast cancer: a comprehensive review of the 
literature. Plast Reconstr Surg. 2013 May;131(5):969-984. doi:10.1097/PRS.0b013e318287a070. PMID: 23629110.

9. Lanitis S, Tekkis PP, Sgourakis G, et al. Comparison of skin-sparing mastectomy versus non-skin-sparing mastectomy for breast cancer: 
a meta-analysis of observational studies. Ann Surg. 2010 Apr;251(4):632-639. doi:10.1097/SLA.0b013e3181d35bf8. PMID: 
20224372.

10. Gerber B, Krause A, Reimer T, et al. Skin-sparing mastectomy with conservation of the nipple–areola complex and autologous
reconstruction is an oncologically safe procedure. Ann Surg. 2009 Mar;249(3):461-468. doi:10.1097/SLA.0b013e31819a0485. PMID: 



19247032.

11. Benediktsson KP, Perbeck L. Survival in breast cancer after nipple-sparing subcutaneous mastectomy and immediate reconstruction
with implants: a prospective trial with 13 years median follow-up in 216 patients. Eur J Surg Oncol. 2008 Feb;34(2):143-148. 
doi:10.1016/j.ejso.2007.05.005. Epub 2007 Jul 9. PMID: 17624772.

12. Petit JY, Veronesi U, Orecchia R, et al. Nipple-sparing mastectomy in association with intraoperative radiotherapy (ELIOT): a new type
of mastectomy for breast cancer treatment. Breast Cancer Res Treat. 2006 Jul;96(1):47-51. doi:10.1007/s10549-005-9033-6. Epub 
2005 Dec 21. PMID: 16369803.

13. Sacchini V, Pinotti JA, Barros ACSD, et al. Nipple-sparing mastectomy for breast cancer and risk reduction: oncologic or technical 
problem? J Am Coll Surg. 2006 Dec;203(6):704-714. doi:10.1016/j.jamcollsurg.2006.08.015. PMID: 17116547.

14. Caruso F, Ferrara M, Castiglione G, et al. Nipple-sparing subcutaneous mastectomy: sixty-six months follow-up. Eur J Surg Oncol. 2006 
Oct;32(8):937-940. doi:10.1016/j.ejso.2006.05.011. Epub 2006 Jun 30. PMID: 16814384.

15. Howard MA, Polo K, Pusic AL, et al. Breast cancer local recurrence after mastectomy and TRAM flap reconstruction: incidence and 
treatment options. Plast Reconstr Surg. 2006 Apr;117(5):1381-1389. doi:10.1097/01.prs.0000201458.73421.47. PMID: 16582781.



Banys-Paluchowski M, Kühn T, Masannat Y et al. Localization Techniques for Non-Palpable Breast Lesions: Current Status, Knowledge 
Gaps, and Rationale for the MELODY Study (EUBREAST-4/iBRA-NET, NCT 05559411). Cancers (Basel). 2023 Feb 12;15(4):1173. doi: 
10.3390/cancers15041173. PMID: 36831516; PMCID: PMC9954476.

Meta-analyses and reviews of different techniques:

1. Lin Q, Hou Q, Zhang C, et al. Innovations in the localization techniques for non-palpable breast lesions: make invisible visible. Breast. 
2025 Jun;81:104430. doi:10.1016/j.breast.2025.104430. Epub 2025 Feb 26. PMID: 40056722; PMCID: PMC11930234.

2. Davey MG, O'Donnell JPM, Boland MR, et al. Optimal localization strategies for non-palpable breast cancers: a network meta-analysis 
of randomized controlled trials. Breast. 2022 Apr;62:103-113. doi:10.1016/j.breast.2022.02.004. Epub 2022 Feb 8. PMID: 35181467.

3. Athanasiou C, Mallidis E, Tuffaha H. Comparative effectiveness of different localization techniques for non-palpable breast cancer: a 
systematic review and network meta-analysis. Eur J Surg Oncol. 2022 Jun;48(6):1309-1319. doi:10.1016/j.ejso.2021.10.001. Epub
2021 Oct 11. PMID: 34649726.

4. Chan BKY, Wiseberg-Firtell JA, Jois RHS, Jensen K, Audisio RA. Localization techniques for guided surgical excision of non-palpable 
breast lesions. Cochrane Database Syst Rev. 2015 Dec 31;2015(12):CD009206. doi:10.1002/14651858.CD009206.pub2. PMID: 
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26718811.

Meta-analysis WGL vs. ROLL: 

1. Kiruparan N, Kiruparan P, Debnath D. Use of wire-guided and radio-guided occult lesion localization for non-palpable breast 
lesions: a systematic literature review and meta-analysis of current evidence. Asian J Surg. 2022 Jan;45(1):79-88. 
doi:10.1016/j.asjsur.2021.08.038. Epub 2021 Sep 11. PMID: 34479779

Meta-analysis intraoperative ultrasound vs. wire-guided localization: 

1. Banys-Paluchowski M, Rubio IT, Karadeniz Cakmak G, et al. Intraoperative ultrasound-guided excision of non-palpable and palpable
breast cancer: systematic review and meta-analysis. Ultraschall Med. 2022 Aug;43(4):367-379. doi:10.1055/a-1821-8559. Epub 2022 
Jun 27. PMID: 35760079.

2. Ahmed M, Douek M. Intra-operative ultrasound versus wire-guided localization in the surgical management of non-palpable breast 
cancers: systematic review and meta-analysis. Breast Cancer Res Treat. 2013 Aug;140(3):435-446. doi:10.1007/s10549-013-2636-7. 
Epub 2013 Aug 1. PMID: 23903791.

3. Pan H, Wu N, Ding H, et al. Intraoperative ultrasound guidance is associated with clear lumpectomy margins for breast cancer: a 
systematic review and meta-analysis. PLoS One. 2013 Sep 4;8(9):e74028. doi:10.1371/journal.pone.0074028. PMID: 24009753; 
PMCID: PMC3759399.

RCTs intraoperative ultrasound vs. wire-guided localization: 

1. Hu X, Li S, Jiang Y, et al. Intraoperative ultrasound-guided lumpectomy versus wire-guided excision for nonpalpable breast cancer. J Int 
Med Res. 2020 Jan;48(1):300060519896607. doi:10.1177/0300060519896607. PMID: 31969021; PMCID: PMC6997659.

2. Hoffmann J, Marx M, Hengstmann A, et al. Ultrasound-assisted tumor surgery in breast cancer: a prospective, randomized, single-
center study (MAC 001). Ultraschall Med. 2019 Jun;40(3):326-332. doi:10.1055/a-0637-1725. Epub 2018 Apr 27. PMID: 29708733.

3. Rahusen FD, Bremers AJ, Fabry HF, et al. Ultrasound-guided lumpectomy of nonpalpable breast cancer versus wire-guided resection: 
a randomized clinical trial. Ann Surg Oncol. 2002 Dec;9(10):994-998. doi:10.1007/BF02574518. PMID: 12464590.



Intraoperative ultrasound: cohort studies:

1. LBoeer B, Obermoser J, Marx M, et al. Ultrasound-guided breast-conserving surgery compared to conventional breast-conserving 
surgery. Ultraschall Med. 2025 Apr;46(2):162-169. doi:10.1055/a-2290-1543. Epub 2024 Jun 20. PMID: 38901438.

2. Ferrucci M, Milardi F, Passeri D, et al. Intraoperative ultrasound-guided conserving surgery for breast cancer: no more time for blind 
surgery. Ann Surg Oncol. 2023 Oct;30(10):6201-6214. doi:10.1245/s10434-023-13900-x. Epub 2023 Aug 22. PMID: 37606837.

3. Ayeequr Rahman R, Puckett Y, Abughanimeh O, et al. A decade of intraoperative ultrasound guided breast conservation for margin 
negative resection – radioactive, and magnetic, and infrared oh my. Am J Surg. 2021 Dec;222(6):1410-1416. 
doi:10.1016/j.amjsurg.2020.09.008. Epub 2020 Sep 21. PMID: 32972870.

4. Chang S, Brooke M, Cureton E, et al. Rapid implementation of intraoperative ultrasonography to reduce wire localization in The 
Permanente Medical Group. Perm J. 2019;23:18-073. doi:10.7812/TPP/18-073. PMID: 31063170; PMCID: PMC6522577.

5. Karadeniz Cakmak G, Emre AU, Tascilar O, et al. Surgeon-performed continuous intraoperative ultrasound guidance decreases re-
excisions and mastectomy rates in breast cancer. Breast. 2017 Jun;33:23-28. doi:10.1016/j.breast.2017.02.014. Epub 2017 Feb 28. 
PMID: 28259095.

6. Eggemann H, Costa SD, Ignatov A. Ultrasound-guided versus wire-guided breast-conserving surgery for nonpalpable breast cancer. 
Clin Breast Cancer. 2016 Feb;16(1):e1-e6. doi:10.1016/j.clbc.2015.09.001. Epub 2015 Sep 11. PMID: 26409052.

7. Rubio IT, Esgueva-Colmenarejo A, Espinosa-Bravo M, et al. Intraoperative ultrasound-guided lumpectomy versus mammographic wire 
localization for breast cancer patients after neoadjuvant treatment. Ann Surg Oncol. 2016 Jan;23(1):38-43. doi:10.1245/s10434-015-
4935-z. Epub 2015 Aug 18. PMID: 26286138.

8. Sikosek NC, Dovnik A, Arko D, et al. The role of intraoperative ultrasound in breast-conserving surgery of nonpalpable breast cancer. 
Wien Klin Wochenschr. 2014 Mar;126(3-4):90-94. doi:10.1007/s00508-013-0470-8. Epub 2013 Dec 1. PMID: 24292836.

9. Yu CC, Chiang KC, Kuo WL, et al. Low re-excision rate for positive margins in patients treated with ultrasound-guided breast-
conserving surgery. Breast. 2013 Dec;22(6):698-702. doi:10.1016/j.breast.2012.12.019. Epub 2013 Jan 23. PMID: 23339844.

10. Ramos M, Díaz JC, Ramos T, et al. Ultrasound-guided excision combined with intraoperative assessment of gross macroscopic 
margins decreases the rate of reoperations for non-palpable invasive breast cancer. Breast. 2013 Oct;22(5):520-524. 
doi:10.1016/j.breast.2012.10.006. Epub 2012 Nov 21. PMID: 23177639.



11. Arentz C, Baxter K, Boneti C, et al. Ten-year experience with hematoma-directed ultrasound-guided (HUG) breast lumpectomy. Ann 
Surg Oncol. 2010 Nov;17 Suppl 3:378-383. doi:10.1245/s10434-010-1230-x. PMID: 20853061.

Magnetic seeds:

1. Pantiora E, Jazrawi A, Hersi A-F, et al. Magnetic seed vs guidewire breast cancer localization with magnetic lymph node detection: a 
randomized clinical trial. JAMA Surg. 2024 Apr 1;159(4):298-305. doi:10.1001/jamasurg.2023.6520. PMID: 38194666; PMCID: 
PMC10825254.

2. Morgan JL, Bromley HL, Dave RV, et al.; iBRA-NET Localisation Study Group. Results of shared learning of a new magnetic seed 
localisation device: a UK iBRA-NET breast cancer localisation study. Eur J Surg Oncol. 2022 Dec;48(12):2408-2413. 
doi:10.1016/j.ejso.2022.07.015. Epub 2022 Jul 29. PMID: 35918190.

3. Kelly BN, Webster AJ, Lamb LR, et al. Magnetic seeds: an alternative to wire localization for nonpalpable breast lesions. Clin Breast 
Cancer. 2022 Jul;22(5):e700-e707. doi:10.1016/j.clbc.2022.01.003. Epub 2022 Jan 17. PMID: 35101354.

4. Struik GM, Schermers B, Mares I, et al. Randomized controlled trial comparing magnetic marker localization (MaMaLoc) with wire-
guided localization in the treatment of early-stage breast cancer. Breast J. 2021 Aug;27(8):638-650. doi:10.1111/tbj.14262. Epub
2021 Mar 31. PMID: 33792472.

5. Mariscal Martínez Á, Vives Roselló I, Salazar Gómez A, et al. Advantages of preoperative localization and surgical resection of 
metastatic axillary lymph nodes using magnetic seeds after neoadjuvant chemotherapy in breast cancer. Surg Oncol. 2021 
Mar;36:28-33. doi:10.1016/j.suronc.2020.11.004. Epub 2020 Nov 9. PMID: 33246853.

6. Simons JM, Scoggins ME, Kuerer HM, et al. Prospective registry trial assessing the use of magnetic seeds to locate clipped nodes
after neoadjuvant chemotherapy for breast cancer patients. Ann Surg Oncol. 2021 Aug;28(8):4277-4283. doi:10.1245/s10434-020-
09542-y. Epub 2021 Jan 8. PMID: 33417121.

7. Powell M, Gate T, Kalake O, et al. Magnetic seed localization (Magseed) for excision of impalpable breast lesions: the North Wales 
experience. Breast J. 2021 Jun;27(6):529-536. doi:10.1111/tbj.14232. Epub 2021 Apr 15. PMID: 33860502.

8. Murphy E, Quinn E, Stokes M, et al. Initial experience of magnetic seed localization for impalpable breast lesion excision: first 100 
cases performed in a single Irish tertiary referral centre. Surgeon. 2023 Jun;21(3):135-143. doi:10.1016/j.surge.2021.02.010. Epub
2021 Apr 8. PMID: 33832829.



9. Žatecký J, Kubala O, Coufal O, et al. Magnetic seed (Magseed) localisation in breast cancer surgery: a multicentre clinical trial. Breast 
Care (Basel). 2021 Aug;16(4):383-388. doi:10.1159/000510380. Epub 2020 Oct 14. PMID: 34602944; PMCID: PMC8472393.

10. Gera R, Tayeh S, Al-Reefy S, Mokbel K. Evolving role of Magseed in wireless localization of breast lesions: systematic review and 
pooled analysis of 1,559 procedures. Anticancer Res. 2020 Mar;40(3):1809-1815. doi:10.21873/anticanres.14132. PMID: 32132011.

11. Kühn F, Simon CEE, Aliyeva I, et al. A German study comparing standard wire localization with magnetic seed localization of non-
palpable breast lesions. In Vivo. 2020 May-Jun;34(3):1159-1164. doi:10.21873/invivo.11888. PMID: 32354916; PMCID: PMC7280197.

12. Singh P, Scoggins ME, Sahin AA, et al. Effectiveness and safety of Magseed-localization for excision of breast lesions: a prospective, 
phase IV trial. Ann Surg Open. 2020 Dec;1(2):e008. doi:10.1097/AS9.0000000000000008. PMID: 34345758; PMCID: PMC8327519.

Radar reflector markers:

1. Gallagher KK, Iles K, Kuzmiak C, et al. Prospective evaluation of radar-localized reflector-directed targeted axillary dissection in node-
positive breast cancer patients after neoadjuvant systemic therapy. J Am Coll Surg. 2022 Apr;234(4):538-545. 
doi:10.1097/XCS.0000000000000102. Epub 2021 Dec 21. PMID: 34952732.

2. Cebrecos I, Sánchez-Izquierdo N, Ganau S, et al. Radioactive and non-radioactive seeds as surgical localization method of non-
palpable breast lesions. Rev Esp Med Nucl Imagen Mol (Engl Ed). 2022 Mar-Apr;41(2):100-107. doi:10.1016/j.remnie.2022.01.002. 
Epub 2022 Feb 19. PMID: 35193816.

3. Wazir U, Kasem I, Michell MJ, et al. Reflector-guided localisation of non-palpable breast lesions: a prospective evaluation of the SAVI 
SCOUT® system. Cancers (Basel). 2021 May 17;13(10):2409. doi:10.3390/cancers13102409. PMID: 34065886; PMCID: PMC8156454.

4. Kasem I, Mokbel K. Savi Scout® radar localisation of non-palpable breast lesions: systematic review and pooled analysis of 842 cases. 
Anticancer Res. 2020 Jul;40(7):3633-3643. doi:10.21873/anticanres.14352. PMID: 32620610.

5. Tingen JS, McKinley BP, Rinkliff JM, et al. SAVI SCOUT radar localization versus wire localization for breast biopsy regarding positive 
margin, complication, and reoperation rates. Am Surg. 2020 Aug;86(8):1029-1031. doi:10.1177/0003134820939903. Epub 2020 Jul 
28. PMID: 32722911.

6. Cox CE, Russell S, Prowler V, et al. A prospective, single-arm, multi-site, clinical evaluation of a nonradioactive surgical guidance 
technology for the location of nonpalpable breast lesions during excision. Ann Surg Oncol. 2016 Oct;23(10):3168-3174. 



doi:10.1245/s10434-016-5405-y. Epub 2016 Jun 1. PMID: 27245040.

Radiofrequency-based markers (RFID): cohort studies (no RCTs available):

1. Parisi S, Gambardella C, Santoriello A, et al. Early breast cancer: could combined LOCalizer™ and ultrasound localization replace the 
metallic wire? A multicentric study. J Clin Med. 2024 Mar 16;13(6):1713. doi:10.3390/jcm13061713. PMID: 38541938; PMCID: 
PMC10971727.

2. Tayeh S, Wazir U, Mokbel K. The evolving role of radiofrequency guided localisation in breast surgery: a systematic review. Cancers 
(Basel). 2021 Oct 5;13(19):4996. doi:10.3390/cancers13194996. PMID: 34684578; PMCID: PMC8534068.

3. McGugin C, Spivey T, Coopey S, et al. Radiofrequency identification tag localization is comparable to wire localization for non-
palpable breast lesions. Breast Cancer Res Treat. 2019 Oct;177(3):735-739. doi:10.1007/s10549-019-05355-0. Epub 2019 Jul 31. 
PMID: 31367780.

Radioactive seeds (for RCTs see meta-analyses above):
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10.1016/j.ejso.2021.10.001.

8



2. Ahmed M; Douek, M. Intra-operative ultrasound versus wire-guided localization in the surgical management of non-palpable breast 
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4. Bristol IJ, Woodward WA, Strom EA, Locoregional treatment outcomes after multimodality management of inflammatory breast 
cancer. Int J Radiat Oncol Biol Phys. 2008 Oct 1;72(2):474-84. 
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Pretherapeutic definition of the definitive surgical procedure

1. EBCTCG. Long-term outcomes for neoadjuvant versus adjuvant chemotherapy in early breast cancer: meta-analysis of individual 
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Mark previous tumor region
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Surgery

1. Kaufmann M, et al. Recommendations from an international consensus conference on the current status and future of neoadjuvant
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