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Data bases screened
Pubmed 2008 - 2024, ASCO 2017-2024, SABCS 2003 – 2024, ESMO 2024, Cochrane data base (n.d.)
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Prognostic and
Predictive Factors

§ Versionen 2002–2024: 
Costa / Fasching / Fersis / Friedrich/ Friedrichs / Gerber / Gluz / Göhring / 
Harbeck / Jackisch / Janni / Kolberg-Liedtke / Kreipe / Loibl / Lück / 
Mundhenke / Nitz / Rody / Schaller / Schmidt / Schmutzler / Schneeweiss / 
Simon / Solomayer / Thill / Thomssen / Untch / Witzel / Wöckel

§ Version 2025: 
Fehm / Stickeler



Definition of Prognosis and Prediction
1. Hayes DF, Bast RC, Desch CE et al.:Tumor marker utility grading system: a framework to evaluate clinical utility of tumor markers. J 

Natl Cancer Inst. 1996 Oct 16;88(20):1456-66.
2. McGuire WL, Clark GM. Prognostic factors and treatment decisions in axillary-node-negative breast cancer. N Engl J Med. 1992 Jun 

25;326(26):1756-61.
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Definition

A Prognostic Factors is associated with the probability of the course of 
the disease (e.g. disease-free or progression-free survival, overall 
survival). The probability can be influenced by therapy. 

A Predictive Factor is associated with the probability of the effect of a 
given therapy.



1. Early Breast Cancer Trialists' Collaborative Group (EBCTCG), Lancet 379: 432-444, 2012
2. Peto, R., Davies, C., Godwin, J., et al. 2012. Comparisons between different polychemotherapy regimens for early breast cancer: 

meta-analyses of long-term outcome among 100,000 women in 123 randomised trials. Lancet 379, 432–444. 

3. Nielsen TO, Jensen MB, Burugu S, et al. High-Risk Premenopausal Luminal A Breast Cancer Patients Derive no Benefit from Adjuvant 
Cyclophosphamide-based Chemotherapy: Results from the DBCG77B Clinical Trial. Clin Cancer Res. 2017 Feb 15;23(4):946-953.
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“Low absolute risk implies 
low absolute benefit”

Early Breast Cancer Trialists' Collaborative Group (EBCTCG), Lancet 379: 432-444, 2012



1. Febbo PG, Ladanyi M, Aldape KD, et al. (2011) NCCN Task Force report: Evaluating the clinical utility of tumor markers in oncology. J 
Natl Compr Canc Netw 9 Suppl 5: S1-32; quiz S33.

2. Hayes DF, Bast RC, Desch CE et al. (1996) Tumor marker utility grading system: a framework to evaluate clinical utility of tumor 
markers. J. Natl. Cancer Inst. 88 (20): 1456–1466.

3. Jeremy Howick, Iain Chalmers, Paul Glasziou,  et al. Explanation of the 2011 Oxford Centre for Evidence-Based Medicine (OCEBM) 
Levels of Evidence (Background Document). Oxford Centre for Evidence-Based Medicine.

4. McShane LM, Altman DG, Sauerbrei W et al. (2005) Reporting recommendations for tumor marker prognostic studies. J. Clin. Oncol. 
23 (36): 9067–9072. 

5. McShane LM, Hayes DF (2012) Publication of tumor marker research results: the necessity for complete and transparent reporting. J. 
Clin. Oncol. 30 (34): 4223–4232. 

6. Simon RM, Paik S, Hayes DF (2009) Use of archived specimens in evaluation of prognostic and predictive biomarkers. J. Natl. Cancer 
Inst. 101 (21): 1446–1452. 
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§ Biological hypothesis
§ Simple and standardized assessment method, quality assurance (QA) of 

the test
§ Prospectively planned statistical evaluation (primary goal)
§ Validation of clinical significance according to

§ „Oxford Level of Evidence (LoEOx2001)“ criteria and „Grades of 
Recommendation (GR)“ 

§ „Grades of Recommendation (GR)“ as well as modified LoE criteria for the use 
in archived specimen (LoE2009) and category of tumor marker study (CTS) 

§ Clinical relevance for treatment decisions

Quality Criteria for selection of 
prognostic/predictive markers



1. Visser LL, Elshof LE, Schaapveld M et al. Clinicopathological Risk Factors for an Invasive Breast Cancer recurrence after Ductal 
Carcinoma In Situ-A Nested Case-Control Study. Clin Cancer Res. 2018 Aug 1;24(15):3593-3601.

2. Rakovitch E, Gray R, Baehner FL et al. Refined estimates of local recurrence risks by DCIS score adjusting for clinicopathological 
features: a combined analysis of ECOG-ACRIN E5194 and Ontario DCIS cohort studies. Breast Cancer Res Treat. 2018 
Jun;169(2):359-369

3. Cutuli B: Ductal carcinoma in situ in 2019: Diagnosis, treatment, prognosis. Presse Med. 2019 Oct;48(10):1112-1122
4. Badve SS, Gökmen-Polar: Ductal carcinoma in situ of breast: update 2019. Pathology. 2019 Oct;51(6):563-569. 
5. Van Bockstal MR, Agahozo MC, Koppert LB: A retrospective alternative for active surveillance trials for ductal carcinoma in situ of 

the breast. Int J Cancer. 2020 Mar 1;146(5):1189-1197
6. Solin LJ: Management of Ductal Carcinoma In Situ (DCIS) of the Breast: Present Approaches and Future Directions. Curr Oncol 

Rep. 2019 Mar 5;21(4):33
7. Giannakeas V, Sopik V, Narod SA. Association of a Diagnosis of Ductal Carcinoma In Situ With Death From Breast Cancer. JAMA 

Netw Open. 2020 Sep; 3(9): e2017124. Published online 2020 Sep 16. doi: 10.1001/jamanetworkopen.2020.17124
8. Groen EJ, Hudecek J, Mulder L, et al. Prognostic value of histopathological DCIS features in a large-scale international interrater 

reliability study. Breast Cancer Res Treat. 2020; 183(3): 759–770. Published online 2020 Jul 30. doi: 10.1007/s10549-020-05816-x
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Prognostic Factors for an 
Ipsilateral Recurrence after DCIS  I

LoE
§ Resection margins 1a
§ Age 1a
§ Size 1a
§ Grade 1a
§ Comedo necrosis 1a
§ Method of diagnosis 1a
§ Focality 1a
§ HER2-overexpression 1a
§ ER / PR (positive vs. negative) 1a

#see chapter „DCIS“



Diagnostische Methode
1. Park HS, Park S, Cho J, et al. Risk predictors of underestimation and the need for sentinel node biopsy in patients diagnosed with 

ductal carcinoma in situ by preoperative needle biopsy. J Surg Oncol. 2013 Mar;107(4):388-92. doi: 10.1002/jso.23273. Epub 2012 
Sep 24.

2. Schulz S, Sinn P, Golatta M, et al. Prediction of underestimated invasiveness in patients with ductal carcinoma in situ of the breast on 
percutaneous biopsy as rationale for recommending concurrent sentinel lymph node biopsy. Breast. 2013 Aug;22(4):537-42. 

3. Elshof LE, Schmidt MK, Rutgers EJ, et al. Cause-specific Mortality in a Population-based Cohort of 9799 Women Treated for Ductal 
Carcinoma In Situ. Ann Surg. 2017 Apr 3. doi: 10.1097/SLA.0000000000002239. [Epub ahead of print]

4. Punglia RS, Jiang W, Lipsitz SR, et al. Clinical risk score to predict likelihood of recurrence after ductal carcinoma in situ treated with 
breast-conserving surgery. Breast Cancer Res Treat. 2017 Oct 28. doi: 10.1007/s10549-017-4553-5. [Epub ahead of print]

Fokalität
1. Meijnen P, Bartelink H. Multifocal ductal carcinoma in situ of the breast: A contraindication for breast-conserving treatment? J Clin

Oncol 2007;25:5548–5549 
2. Rakovitch E, Pignol JP, Hanna W, et al. Significance of multifocality in ductal carcinoma in situ: outcomes of women treated with 

breast-conserving therapy. J Clin Oncol 2007;25:5591–5596 

(mod.) Van Nuys Prognose Index und MSKCC Nomogramm
1. Lagios MD, Page DL, Silverstein MJ. Prospective study of wide excision alone for ductal carcinoma in situ of the breast. J Clin Oncol

2006;24:3809-11 
2. Rudloff U, Jacks LM, Goldberg JL, et al. Nomogram for predicting the risk of local recuurence after breast conserving surgery for ductal 

carcinoma in situ. J Clin Oncol 2010; 28(23): 3762-9
3. Van Zee KJ, Patil S. Validation of a nomogram for predicting risk of local recurrence for ductal carcinoma in situ. J Clin Oncol 2012; 

30(25): 3143-4.
4. Sweldens C, Peeters S, van Limbergen E, et al. Öocal relapse after breast-conserving therapy for ductal carcinoma in situ: a European 

single-center experience and external validation of the Memorial Sloan-Kettering Cancer Center DCIS nomogram. Cancer J 2014; 
20(1): 1-7.

5. Lei RY, Carter DL, Antell AG, et al. A Comparison of Predicted Ipsilateral Tumor Recurrence Risks in Patients With Ductal Carcinoma in 



Situ of the Breast After Breast-Conserving Surgery by Breast Radiation Oncologists, the Van Nuys Prognostic Index, the Memorial 
Sloan Kettering Cancer Center DCIS Nomogram, and the 12-Gene DCIS Score Assay. Adv Radiat Oncol 2020;6(2):100607. 

6. Grimm  LJ , Rahbar H , Abdelmalak M, et al: Ductal Carcinoma in Situ: State-of-the-Art Review. Radiology. 2021 Dec 21;211839. doi: 
10.1148/radiol.211839. Online ahead of print.

7. Wärnberg F, Karlsson P, Holmberg E, et al: Prognostic Risk Assessment and Prediction of Radiotherapy Benefit for Women with Ductal 
Carcinoma In Situ (DCIS) of the Breast, in a Randomized Clinical Trial (SweDCIS). Cancers 2021, 13,6103

Palpables DCIS
Palpabel + COX-2+p16+Ki-67+
Palpabel + ER-, HER2, +Ki-67+
HER2-Überexpression
ER/PgR (positiv vs. negativ)
DCIS-Score
1. Solin LJ, Gray R, Baehner FL, et al. A multigene expression assay to predict local recurrence risk for ductal carcinoma in situ of the 

breast. J Natl Cancer Inst. 2013 May 15;105(10):701-10. 
2. Sarah Patricia Cate, Alyssa Gillego, Manjeet Chadha, et al. Does the Oncotype DCIS score impact treatment decisions? J Clin Oncol

31, 2013 (suppl 26; abstr 91)
3. Rakovitch E, Nofech-Mozes S, Hanna W et al. A large prospectively-designed study of the DCIS score. Predicting recurrence risk after 

local excision for ductal carcinoma in situ patients with and without irradiation. SABCS 2015. S5-04
4. Wood WC, Alvarado M, Buchholz DJ, et al. The current clinical value of the DCIS Score. Oncology (Williston Park). 2014 May;28 Suppl

2:C2, 1-8, C3.
5. O'Keefe TJ, Blair SL, Hosseini A et al.  HER2-Overexpressing Ductal Carcinoma In Situ Associated with Increased Risk of Ipsilateral 

Invasive Recurrence, Receptor Discordance with Recurrence. Cancer Prev Res (Phila). 2020 Sep;13(9):761-772. doi: 10.1158/1940-
6207.CAPR-20-0024.

6. Lazzeroni M, DeCensi A, Guerrieri-Gonzaga A et al. Prognostic and predictive value of cell cycle progression (CCP) score in ductal 
carcinoma in situ of the breast.  Mod Pathol. 2020 Jun;33(6):1065-1077. doi: 10.1038/s41379-020-0452-0.

7. Hwang KT , Suh YJ, PARK CH, et al: Hormone Receptor Subtype in Ductal Carcinoma in Situ: Prognostic and Predictive Roles of the 
Progesterone Receptor. The Oncologist 2021;26:e1939–e1950



DCIS mit Mikroinvasion – Behandlung analog zum invasiven Karzinom
1. Eng-Wong J, JP Costantino et al. The Impact of Systemic Therapy Following Ductal Carcinoma In Situ. J Natl Cancer Inst Monogr 2010; 

41: 200 – 203 
2. Ryan R, Tawfik O, Jensen RA, Anant S. Current Approaches to Diagnosis and Treatment of Ductal Carcinoma In Situ and Future 

Directions. Prog Mol Biol Transl Sci. 2017;151:33-80.

Intrinsische Subgruppen (Luminal A,B, HER+, triple negativ) 
1. Noh JM, Lee J, Choi DH, et al. HER-2 overexpression is not associated with increased ipsilateral breast tumor recurrence in DCIS

treated with breast-conserving surgery followed by radiotherapy. Breast. 2013 Oct;22(5):894-7.
2. Solin LJ.: Management of Ductal Carcinoma In Situ (DCIS) of the Breast: Present Approaches and Future Directions. Curr Oncol Rep. 

2019 Mar 5;21(4):33. doi: 10.1007/s11912-019-0777-3.
3. Visser LL, Groen EJ, van Leeuwen FE, et al.: Predictors of an Invasive Breast Cancer Recurrence after DCIS: A Systematic Review and 

Meta-analyses. Cancer Epidemiol Biomarkers Prev. 2019 May;28(5):835-845. doi: 10.1158/1055-9965.EPI-18-0976. Epub 2019 Apr 
25. 

4. Van Bockstal MR, Agahozo MC, Koppert LB, et al. A retrospective alternative for active surveillance trials for ductal carcinoma in situ 
of the breast. Int J Cancer. 2019 Apr 24. doi: 10.1002/ijc.32362. [Epub ahead of print]

5. Liu Y, Shou K, Li J, et al. Ductal Carcinoma In Situ of the Breast: Perspectives on Tumor Subtype and Treatment. Biomed Res Int. 2020; 
2020: 7251431. Published online 2020 May 27. doi: 10.1155/2020/7251431 

Familiäre Karzinombelastung, Menopausenstatus, BMI und Brustdichte
1. Alaeikhanehshir S, Engelhardt EG, van Duijnhoven FH, et al. The impact of patient characteristics and lifestyle factors on the risk of an 

ipsilateral event after a primary DCIS: A systematic review. Breast. 2020 Apr; 50: 95–103. Published online 2020 Feb 19. doi: 
10.1016/j.breast.2020.02.006

Kontralaterales Mammakarzinom

1. Giardiello D, Kramer I, Hooning MJ, et al. Contralateral breast cancer risk in patients with ductal carcinoma in situ and invasive breast 



cancer. NPJ Breast Cancer. 2020; 6: 60. Published online 2020 Nov 3. doi: 10.1038/s41523-020-00202-8

Molecular Profile

1. Nofech-Mozes S, Hanna W, Rakovitch E. Molecular Evaluation of Breast Ductal Carcinoma in Situ with Oncotype DX DCIS. Am J Pathol. 
2018 Dec 31. pii: S0002-9440(18)30581-9

2. Rakovitch E, Gray R, Baehner FL, et al: Refined estimates of local recurrence risks by DCIS score adjusting for clinico-pathological 
features: a combined analysis of ECOG-ACRIN E5194 and Ontario DCIS cohort studies. Breast Cancer Res Treat. 2018; 169(2):359-369

3. . Schiza A, Thurfjell V, Stenmark Tullberg A; Tumour-infiltrating lymphocytes add prognostic information for patients with low-risk 
DCIS: findings from the SweDCIS randomised radiotherapy trialEur J Cancer. 2022 Jun; 168:128-137 

4. Wu SL, Yu X, Mao X, Jin F. Prognostic value of tumor-infiltrating lymphocytes in DCIS: a meta-analysis. BMC Cancer. 2022 Jul 
18;22(1):782. doi: 10.1186/s12885-022-09883-9.

5. Hahn E, Rodin D, Sutradhar R: Can Molecular Biomarkers Help Reduce the Overtreatment of DCIS? Curr Oncol. 2023 Jun 
13;30(6):5795-5806. doi: 10.3390/curroncol30060433. PMID: 37366916.

6. Dabbs D, Mittal K, Heineman S: Analytical validation of the 7-gene biosignature for prediction of recurrence risk and radiation 
therapy benefit for breast ductal carcinoma in situ. Front Oncol. 2023 May 19;13:1069059. doi: 10.3389/fonc.2023.1069059. 
eCollection 2023. PMID: 37274253 

7. Shah C, Bremer T, Cox C: The Clinical Utility of DCISionRT® on Radiation Therapy Decision Making in Patients with Ductal Carcinoma 
In Situ Following Breast-Conserving Surgery. Ann Surg Oncol. 2021 Oct;28(11):5974-5984. doi: 10.1245/s10434-021-09903-1. PMID: 
33821346



1. Visser LL, Elshof LE, Schaapveld M et al. Clinicopathological Risk Factors for an Invasive Breast Cancer recurrence after Ductal 
Carcinoma In Situ-A Nested Case-Control Study. Clin Cancer Res. 2018 Aug 1;24(15):3593-3601.

2. Rakovitch E, Gray R, Baehner FL et al. Refined estimateos of local recurrence risks by DCIS score adjusting for clinicopathological 
features: a combined analysis of ECOG-ACRIN E5194 and Ontario DCIS cohort studies. Breast Cancer Res Treat. 2018 
Jun;169(2):359-369

3. Cutuli B: Ductal carcinoma in situ in 2019: Diagnosis, treatment, prognosis. Presse Med. 2019 Oct;48(10):1112-1122
4. Badve SS, Gökmen-Polar: Ductal carcinoma in situ of breast: update 2019. Pathology. 2019 Oct;51(6):563-569. 
5. Van Bockstal MR, Agahozo MC, Koppert LB: A retrospective alternative for active surveillance trials for ductal carcinoma in situ of 

the breast. Int J Cancer. 2020 Mar 1;146(5):1189-1197
6. Solin LJ: Management of Ductal Carcinoma In Situ (DCIS) of the Breast: Present Approaches and Future Directions. Curr Oncol 

Rep. 2019 Mar 5;21(4):33
7. Giannakeas V, Sopik V, Narod SA. Association of a Diagnosis of Ductal Carcinoma In Situ With Death From Breast Cancer. JAMA 

Netw Open. 2020 Sep; 3(9): e2017124. Published online 2020 Sep 16. doi: 10.1001/jamanetworkopen.2020.17124
8. Groen EJ, Hudecek J, Mulder L, et al. Prognostic value of histopathological DCIS features in a large-scale international interrater 

reliability study. Breast Cancer Res Treat. 2020; 183(3): 759–770. Published online 2020 Jul 30. doi: 10.1007/s10549-020-05816-x
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Prognostic Factors for an 
Ipsilateral Recurrence after DCIS II

LoE
§ Hereditary breast cancer risk 2a
§ Premenopausal at time of DCIS diagnosis 2a
§ High BMI 2a
§ High breast density 2a
§ Growth pattern (cribriform / solid versus „clinging“ / micro-papillary) 2b
§ Residual tumor-associated microcalcifications 2b
§ Architecture 2b
§ (modified) Van Nuys Prognostic Index/ mitotic rate 2b
§ Palpable DCIS 2b
§ ER-, HER2+, Ki-67+ 2b
§ Scores: DCIS, Oncotype DX Breast DCIS Score (12 genes); CCP (23 genes) 2b
§ MSKCC Nomogram 2b
§ DCISionRT 2b
§ Intrinsic subtypes (luminal A, B, HER2+, triple negative) 2b
§ DCIS compared to invasive carcinoma with higher risk of contralateral BC 2b
§ High number of TILs                                                                                                                         2b

#see chapter „DCIS“



Diagnostische Methode
1. Park HS, Park S, Cho J, et al. Risk predictors of underestimation and the need for sentinel node biopsy in patients diagnosed with 

ductal carcinoma in situ by preoperative needle biopsy. J Surg Oncol. 2013 Mar;107(4):388-92. doi: 10.1002/jso.23273. Epub 2012 
Sep 24.

2. Schulz S, Sinn P, Golatta M, et al. Prediction of underestimated invasiveness in patients with ductal carcinoma in situ of the breast on 
percutaneous biopsy as rationale for recommending concurrent sentinel lymph node biopsy. Breast. 2013 Aug;22(4):537-42. 

3. Elshof LE, Schmidt MK, Rutgers EJ, et al. Cause-specific Mortality in a Population-based Cohort of 9799 Women Treated for Ductal 
Carcinoma In Situ. Ann Surg. 2017 Apr 3. doi: 10.1097/SLA.0000000000002239. [Epub ahead of print]

4. Punglia RS, Jiang W, Lipsitz SR, et al. Clinical risk score to predict likelihood of recurrence after ductal carcinoma in situ treated with 
breast-conserving surgery. Breast Cancer Res Treat. 2017 Oct 28. doi: 10.1007/s10549-017-4553-5. [Epub ahead of print]

Fokalität
1. Meijnen P, Bartelink H. Multifocal ductal carcinoma in situ of the breast: A contraindication for breast-conserving treatment? J Clin

Oncol 2007;25:5548–5549 
2. Rakovitch E, Pignol JP, Hanna W, et al. Significance of multifocality in ductal carcinoma in situ: outcomes of women treated with 

breast-conserving therapy. J Clin Oncol 2007;25:5591–5596 

(mod.) Van Nuys Prognose Index, MSKCC Nomogramm und DCISonRT
1. Lagios MD, Page DL, Silverstein MJ. Prospective study of wide excision alone for ductal carcinoma in situ of the breast. J Clin Oncol

2006;24:3809-11 
2. Rudloff U, Jacks LM, Goldberg JL, et al. Nomogram for predicting the risk of local recuurence after breast conserving surgery for 

ductal carcinoma in situ. J Clin Oncol 2010; 28(23): 3762-9
3. Van Zee KJ, Patil S. Validation of a nomogram for predicting risk of local recurrence for ductal carcinoma in situ. J Clin Oncol 2012; 

30(25): 3143-4.
4. Sweldens C, Peeters S, van Limbergen E, et al. Öocal relapse after breast-conserving therapy for ductal carcinoma in situ: a European 

single-center experience and external validation of the Memorial Sloan-Kettering Cancer Center DCIS nomogram. Cancer J 2014; 
20(1): 1-7.

5. Lei RY, Carter DL, Antell AG, et al. A Comparison of Predicted Ipsilateral Tumor Recurrence Risks in Patients With Ductal Carcinoma in 



Situ of the Breast After Breast-Conserving Surgery by Breast Radiation Oncologists, the Van Nuys Prognostic Index, the Memorial 
Sloan Kettering Cancer Center DCIS Nomogram, and the 12-Gene DCIS Score Assay. Adv Radiat Oncol 2020;6(2):100607.

6. Grimm  LJ , Rahbar H , Abdelmalak M, et al: Ductal Carcinoma in Situ: State-of-the-Art Review. Radiology. 2021 Dec 21;211839. doi: 
10.1148/radiol.211839. Online ahead of print.

7. Wärnberg F, Karlsson P, Holmberg E, et al: Prognostic Risk Assessment and Prediction of Radiotherapy Benefit for Women with 
Ductal Carcinoma In Situ (DCIS) of the Breast, in a Randomized Clinical Trial (SweDCIS). Cancers 2021, 13,6103

Palpables DCIS
Palpabel + COX-2+p16+Ki-67+
Palpabel + ER-, HER2, +Ki-67+
HER2-Überexpression
ER/PgR (positiv vs. negativ)
DCIS-Score
1. Solin LJ, Gray R, Baehner FL, et al. A multigene expression assay to predict local recurrence risk for ductal carcinoma in situ of the 

breast. J Natl Cancer Inst. 2013 May 15;105(10):701-10. 
2. Sarah Patricia Cate, Alyssa Gillego, Manjeet Chadha, et al. Does the Oncotype DCIS score impact treatment decisions? J Clin Oncol

31, 2013 (suppl 26; abstr 91)
3. Rakovitch E, Nofech-Mozes S, Hanna W et al. A large prospectively-designed study of the DCIS score. Predicting recurrence risk after 

local excision for ductal carcinoma in situ patients with and without irradiation. SABCS 2015. S5-04
4. Wood WC, Alvarado M, Buchholz DJ, et al. The current clinical value of the DCIS Score. Oncology (Williston Park). 2014 May;28 Suppl

2:C2, 1-8, C3.
5. O'Keefe TJ, Blair SL, Hosseini A et al.  HER2-Overexpressing Ductal Carcinoma In Situ Associated with Increased Risk of Ipsilateral 

Invasive Recurrence, Receptor Discordance with Recurrence. Cancer Prev Res (Phila). 2020 Sep;13(9):761-772. doi: 10.1158/1940-
6207.CAPR-20-0024.

6. Lazzeroni M, DeCensi A, Guerrieri-Gonzaga A et al. Prognostic and predictive value of cell cycle progression (CCP) score in ductal 
carcinoma in situ of the breast.  Mod Pathol. 2020 Jun;33(6):1065-1077. doi: 10.1038/s41379-020-0452-0.

7. Hwang KT , Suh YJ, PARK CH, et al: Hormone Receptor Subtype in Ductal Carcinoma in Situ: Prognostic and Predictive Roles of the 
Progesterone Receptor. The Oncologist 2021;26:e1939–e1950



DCISionRT:
1. Weinmann S, Leo MC, Francisco M, et al. Validation of a Ductal Carcinoma In Situ Biomarker Profile for Risk of Recurrence after 

Breast-Conserving Surgery with and without Radiotherapy. Clin Cancer Res. 2020 Aug 1;26(15):4054-4063.
2. Shah C, Bremer T, Cox C, The Clinical Utility of DCISionRT® on Radiation Therapy Decision Making in Patients with Ductal Carcinoma 

In Situ Following Breast-Conserving Surgery. Ann Surg Oncol. 2021 Oct;28(11):5974-5984. 

DCIS mit Mikroinvasion – Behandlung analog zum invasiven Karzinom
1. Eng-Wong J, JP Costantino et al. The Impact of Systemic Therapy Following Ductal Carcinoma In Situ. J Natl Cancer Inst Monogr 2010; 

41: 200 – 203 
2. Ryan R, Tawfik O, Jensen RA, Anant S. Current Approaches to Diagnosis and Treatment of Ductal Carcinoma In Situ and Future 

Directions. Prog Mol Biol Transl Sci. 2017;151:33-80.

Intrinsische Subgruppen (Luminal A,B, HER+, triple negativ) 
1. Noh JM, Lee J, Choi DH, et al. HER-2 overexpression is not associated with increased ipsilateral breast tumor recurrence in DCIS

treated with breast-conserving surgery followed by radiotherapy. Breast. 2013 Oct;22(5):894-7.
2. Solin LJ.: Management of Ductal Carcinoma In Situ (DCIS) of the Breast: Present Approaches and Future Directions. Curr Oncol Rep. 

2019 Mar 5;21(4):33. doi: 10.1007/s11912-019-0777-3.
3. Visser LL, Groen EJ, van Leeuwen FE, et al.: Predictors of an Invasive Breast Cancer Recurrence after DCIS: A Systematic Review and 

Meta-analyses. Cancer Epidemiol Biomarkers Prev. 2019 May;28(5):835-845. doi: 10.1158/1055-9965.EPI-18-0976. Epub 2019 Apr 
25. 

4. Van Bockstal MR, Agahozo MC, Koppert LB, van Deurzen CHM. A retrospective alternative for active surveillance trials for ductal 
carcinoma in situ of the breast. Int J Cancer. 2019 Apr 24. doi: 10.1002/ijc.32362. [Epub ahead of print]

5. Liu Y, Shou K, Li J, et al. Ductal Carcinoma In Situ of the Breast: Perspectives on Tumor Subtype and Treatment. Biomed Res Int. 2020; 
2020: 7251431. Published online 2020 May 27. doi: 10.1155/2020/7251431 

Familiäre Karzinombelastung, Menopausenstatus, BMI und Brustdichte
1. Alaeikhanehshir S, Engelhardt EG, van Duijnhoven FH, et al. The impact of patient characteristics and lifestyle factors on the risk of an 



ipsilateral event after a primary DCIS: A systematic review. Breast. 2020 Apr; 50: 95–103. Published online 2020 Feb 19. doi: 
10.1016/j.breast.2020.02.006

Kontralaterales Mammakarzinom
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Early Breast Cancer (M0) – eBC
clinical/histopathological Prognostic Factors I

* NACT = Neoadjuvant Chemotherapy

Oxford

Faktor LoE GR AGO

§ Tumor size  - pT 1a A ++
§ Axillarx lymph node status - pN 1a A ++

§ Histological tumor typ (mucinous, tubular etc.) 2b B ++
§ Grade(Elston & Ellis) - G 2a B ++
§ Histologically proven peritumoral lymphatic vessel                 and vascular invasion (L1, V1)

1b B ++

§ pCR after NACT* in (luminal B-like, HER2+, TN) 1a A ++
§ Increased risk of recurrence in invasive-
       lobular BC, cT3/4, N+

2a B +/-

§ Margins (resection status) – R0/R1                                         1a A +
§ Obesity (BMI > 30 kg/m²)                                                               1b           B +
§ Age 2a B ++
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Early Breast Cancer (M0) - eBC
Histopathological Prognostic Factors II

Oxford
Factor LoE GR AGO
§ ER / PR 1a A ++
§ HER2 (IHC, ISH) 1a A ++
§ ER / PR / HER2/ Ki-67 to assess the 

intrinsic type with regards to tumor 
histology and biology

2b B ++

§ Proliferation markers
§ Ki-67 before, during, or after treatment 1a B +
§ Ki-67 Re-Evaluation after short term 

preoperative endocrine therapy (2-4 
weeks) (ypT and ypN)*

1a B +

* Biomarker and Multi Gene Expression test should be evaluated on core needle biopsy prior endocrine therapy
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10;34(20):2341-9.

3. Hammond, M.E.H., Hayes, D.F., Dowsett, M., et al. 2010. American Society of Clinical Oncology/College Of American Pathologists 
guideline recommendations for immunohistochemical testing of estrogen and progesterone receptors in breast cancer. J. Clin. Oncol. 
28, 2784–2795. 

4. Sloane, J.P., Amendoeira, I., Apostolikas, N., et al. 1999. Consistency achieved by 23 European pathologists from 12 countries in 
diagnosing breast disease and reporting prognostic features of carcinomas. European Commission Working Group on Breast 
Screening Pathology. Virchows Arch. 434, 3–10.

5. Vestjens, J.H.M.J., Pepels, M.J., Boer, M. de, et al. 2012. Relevant impact of central pathology review on nodal classification in 
individual breast cancer patients. Ann. Oncol. 23, 2561–2566. 

6. Kennecke, H.F., Speers, C.H., Ennis, C.A., et al. 2012. Impact of routine pathology review on treatment for node-negative breast 
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7. Wolff AC, Hammond ME, Hicks DG, et al.: Recommendations for human epidermal growth factor receptor 2 testing in breast cancer: 
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§ ER / PR: concordance  central vs local is high (97%; Plan B, SABCS 2014)
§ Grade: concordance central vs local is 68% (PlanB, JCO 2016)
§ HER2: frequency of false-positive test results 6% (ASCO /CAP JCO 2013)
§ Impact of routine pathologic review in N0 BC: 20% changes: grade 40%, LVI  26%, N 

15%, margin 12% (JCO 2012)
§ pN0 from MIRROR study: pN0 was upstaged in 22%, in central pathology review 

(Ann Oncol 2012)
§ Ki67: 

§ Inter- and intraobserver variability in measurement of Ki-67 is high (J Nat. 
Cancer Institute 2011)

§ High reproducibility for low and high Ki67 levels (J Pathol 2002)
§ Standardized methodology improves analytical validity (JNCI 2020)

Reproducibility – Quality Assurance is Key for 
Clinical Decision Making



American Society of Clinical Oncology/College of American Pathologists clinical practice guideline update. J Clin Oncol 2013, 
31(31):3997-4013.
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IHC-testing for ER-positivity
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Predictive pathology of endocrine 
responsiveness

# see chapter „Pathology“

Oxford

LoE GR AGO

§ Immunhistochemical detection of estrogen- and 
progesterone-receptors in paraffin-embedded tissue; scored 
as percentage of positive tumor cell nuclei (ER positive if ≥ 
1%, low positivity ≥ 1% to 10%; PR positive if ≥10%)

1a A ++

§ Detection of endocrine responsiveness by Ki-67 decrease to 
< 10% after 3-4 weeks of preoperative endocrine therapy in 
primary breast cancer

1b A +

§ Detection of secondary, i.e. acquired endocrine resistance 
by analysis of activating ESR-1 mutations in liquid biopsy or 
metastatic tissue

1b A +
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Kocsis J, Dalenc F, Dillon PM, Babu S, Waters S, Deleu I, García Sáenz JA, Bria E, Cazzaniga M, Lu J, Aftimos P, Cortés J, Liu S, Tonini G, 
Laurent D, Habboubi N, Conlan MG, Bardia A.  Elacestrant (oral selective estrogen receptor degrader) Versus Standard Endocrine 
Therapy for Estrogen Receptor-Positive, Human Epidermal Growth Factor Receptor 2-Negative Advanced Breast Cancer: Results From 
the Randomized Phase III EMERALD Trial.J Clin Oncol. 2022 Oct 1;40(28):3246-3256. doi: 10.1200/JCO.22.00338.

2. Wong NZH, Yap DWT, Ong RJM, Zhao JJ, Chan YH, Tey JCS, Sundar R, Lim JSJ, Dawood SS. Efficacy of Oral SERDs in the treatment of 
ER+, HER2 - metastatic breast cancer, a stratified analysis of the ESR1 wild type and mutant subgroups. Ann Oncol. 2023 Oct 
21:S0923-7534(23)04328-4. doi: 10.1016/j.annonc.2023.10.122.

3. Grote I, Poppe A, Lehmann U, Christgen M, Kreipe H, Bartels S. Frequency of genetic alterations differs in advanced breast cancer 
between metastatic sites.Genes Chromosomes Cancer. 2024 Jan;63(1):e23199. doi: 10.1002/gcc.23199.



Gene expression profiles (GEP; Multigene Assays, Gene expression signatures)
(*Should only be used in the context of clinico-pathological criteria (e.g. tumor size, number involved lymph nodes, grade, Ki67) for 

therapeutic decision making)

1. Andre F, Ismaila N, Allison KH, et al. Biomarkers for Adjuvant Endocrine and Chemotherapy in Early-Stage Breast Cancer: ASCO 
Guideline Update. J Clin Oncol. 2022 Jun 1;40(16):1816-1837. doi: 10.1200/JCO.22.00069. Epub 2022 Apr 19. Erratum in: J Clin 
Oncol. 2022 Aug 1;40(22):2514. Lemij AA, Baltussen JC, de Glas NA, et al. Gene expression signatures in older patients 
with breast cancer: A systematic review. Crit Rev Oncol Hematol. 2023 Jan;181:103884. 

MammaPrint®
1. Cardoso F, van't Veer LJ et al.; MINDACT Investigators. 70-Gene Signature as an Aid to Treatment Decisions in Early-Stage Breast 

Cancer. N Engl J Med. 2016 Aug 25;375(8):717-29.
2. Cardoso F, van't Veer LJ, Bogaerts J, et al. 70-Gene Signature as an Aid to Treatment Decisions in Early-Stage Breast Cancer. N Engl J 

Med. 2016 Aug 25;375(8):717-29.

3. Mittempergher L, Delahaye LJMJ, Witteveen AT et al. MammaPrint and BluePrint Molecular Diagnostics Using Targeted RNA Next-
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Early Breast Cancer (M0) - eBC
Prognostic Factors III

Factor LoE GR AGO
§ Gene expression profiles (GEP, multigene assays, gene signatures)

§ MammaPrint® (N0-1) 1b A +*

§ Oncotype DX®  (N0-1, HR+ HER2-) 1b A +*

§ EndoPredict® (N0-1, HR+, HER2 -) 2b B +*

§ Prosigna® (N0-1, HR+, HER2 -) 2b B +*

§ Breast Cancer IndexSM (N0-1, HR+ HER2-)** 2b B +/-*

§ IHC4 (ER / PR / HER2 / Ki-67) (validated for central testing) 2b B +/-

§ PREDICT® algorithm (https://breast.predict.nhs.uk/) 1b A +
§ HER2DX (HER2+) 2b B +/-

§ Clinical-pathological score for lobular breast cancer (nodal status, tumor size, 
lymphovascular invasion LVI)

2b B +/-

§ CTS5 Clinical Treatment Score** 2b B +

§ CPS-EG Score 2b B +

§ RCB Score 2a B +

* Should only be used in the context of clinical-pathological criteria (tumor size, nodal involvement, grade, Ki-67, ER, PR, HER2)
** Estimation of late recurrence

Oxford



Generation Sequencing Technology. J Mol Diagn. 2019 Sep;21(5):808-823
4. Piccart M, van 't Veer LJ, Poncet C, et al. 70-gene signature as an aid for treatment decisions in early breast cancer: updated results of 

the phase 3 randomised MINDACT trial with an exploratory analysis by age. Lancet Oncol. 2021 Apr;22(4):476-488. doi: 
10.1016/S1470-2045(21)00007-3. Epub 2021 Mar 12. PMID: 33721561.

5. Slembrouck L, Darrigues L, Laurent C et al. Decentralization of Next-Generation RNA Sequencing-Based MammaPrint® and BluePrint® 
Kit at University Hospitals Leuven and Curie Institute Paris. Transl Oncol. 2019 Dec;12(12):1557-1565.

6. Viale G, de Snoo FA et al.; MINDACT investigators. Immunohistochemical versus molecular (BluePrint and MammaPrint) subtyping of 
breast carcinoma. Outcome results from the EORTC 10041/BIG 3-04 MINDACT trial. Breast Cancer Res Treat. 2018 Jan;167(1):123-
131

Oncotype DX®

1. Gluz O, Nitz UA, Christgen M, et al. West German Study Group Phase III PlanB Trial: First Prospective Outcome Data for the 21-Gene 
Recurrence Score Assay and Concordance of Prognostic Markers by Central and Local Pathology Assessment. J Clin Oncol. 2016 Jul 
10;34(20):2341-9.

2. Kalinsky K, Barlow WE, Gralow JR et al. 21-Gene Assay to inform chemotherapy benefit in node-positive breast cancer. N Engl J Med. 
2021 Dec 16;385(25):2336-2347. doi: 10.1056/NEJMoa2108873. Epub 2021 Dec 1.

3. Nitz U, Gluz O, Christgen M et al. Reducing chemotherapy use in clinically high-risk, genomically low-risk pN0 and pN1 early breast 
cancer patients: five-year data from the prospective, randomised phase 3 West German Study Group (WSG) PlanB trial. Breast 
Cancer Res Treat. 2017 Oct;165(3):573-583.

4. Nitz UA, Gluz O, Kümmel S, et al. Endocrine Therapy Response and 21-Gene Expression Assay for Therapy Guidance in HR+/HER2- 
Early Breast Cancer. J Clin Oncol. 2022 Aug 10;40(23):2557-2567. doi: 10.1200/JCO.21.02759. Epub 2022 Apr 11. PMID: 35404683.

5. Sparano JA, Gray RJ, Makower DF et al. Clinical Outcomes in Early Breast Cancer With a High 21-Gene Recurrence Score of 26 to 100 
Assigned to Adjuvant Chemotherapy Plus Endocrine Therapy: A Secondary Analysis of the TAILORx Randomized Clinical Trial. JAMA 
Oncol. 2019 Sep 30. 

6. Sparano JA, Gray RJ, Makower DF et al. Adjuvant Chemotherapy Guided by a 21-Gene Expression Assay in Breast Cancer. N Engl J 
Med. 2018 Jul 12;379(2):111-121.

7. Zhang S, Fitzsimmons KC, Hurvitz SA Oncotype DX Recurrence Score in premenopausal women. Ther Adv Med Oncol. 2022 Mar 



10;14:17588359221081077. doi: 10.1177/17588359221081077. eCollection 2022.PMID: 35295864
8. Shaw VR, Amos CI, Cheng C. Predicting Chemotherapy Benefit across Different Races in Early-Stage BreastCancer Patients Using the 

Oncotype DX Score. Cancers (Basel). 2023 Jun 16;15(12):3217. 
9. Davey MG, Cleere EF, O'Donnell JP, et al. Value of the 21-gene expression assay in predicting locoregional recurrence rates in 

estrogen receptor-positive breast cancer: a systematic review and network meta-analysis. Breast Cancer Res Treat. 2022 
Jun;193(3):535-544.

EndoPredict®

1. Buus R, Sestak I, Kronenwett R et al. Comparison of EndoPredict and EPclin With Oncotype DX Recurrence Score for Prediction of Risk 
of Distant Recurrence After Endocrine Therapy. J Natl Cancer Inst. 2016 Jul 10;108(11).

2. Buus, R., I. Sestak, R. Kronenwett, et al (2016). "Comparison of EndoPredict and EPclin With Oncotype DX Recurrence Score for 
Prediction of Risk of Distant Recurrence After Endocrine Therapy." J Natl Cancer Inst 108(11)

3. Filipits M, Dubsky P, Rudas M et al. Prediction of Distant Recurrence Using EndoPredict Among Women with ER+, HER2- Node-
Positive and Node-Negative Breast Cancer Treated with Endocrine Therapy Only. Clin Cancer Res. 2019 Jul 1;25(13):3865-3872. 

4. Martin M, Brase JC, Ruiz A et al. Prognostic ability of EndoPredict compared to research-based versions of the PAM50 risk of 
recurrence (ROR) scores in node-positive, estrogen receptor-positive, and HER2-negative breast cancer. A GEICAM/9906 sub-study. 
Breast Cancer Res Treat. 2016 Feb;156(1):81-9. 

5. Sestak I, Buus R, Cuzick J et al. Comparison of the Performance of 6 Prognostic Signatures for Estrogen Receptor-Positive Breast 
Cancer: A Secondary Analysis of a Randomized Clinical Trial. JAMA Oncol. 2018 Apr 1;4(4):545-553. 

6. Sestak I, Martín M, Dubsky P et al. Prediction of chemotherapy benefit by EndoPredict in patients with breast cancer who received 
adjuvant endocrine therapy plus chemotherapy or endocrine therapy alone. Breast Cancer Res Treat. 2019 Jul;176(2):377-386.

7. Constantinidou A, Marcou Y, Toss MS, et al. .Clinical Validation of EndoPredict in Pre-Menopausal Women with ER-Positive, HER2-
Negative Primary Breast Cancer. Clin Cancer Res. 2022 Oct 14;28(20):4435-4443. 

Prosigna®

1. Berchtold E, Vetter M, Gündert M et al. Comparison of six breast cancer classifiers using qPCR. Bioinformatics. 2019 Sep 
15;35(18):3412-3420.



2. Buus R, Szijgyarto Z, Schuster EF, et al. Development and validation for research assessment of Oncotype DX® Breast Recurrence 
Score, EndoPredict® and Prosigna®. NPJ Breast Cancer. 2021 Feb 12;7(1):15. doi: 10.1038/s41523-021-00216-w. 

3. Erber R, Angeloni M, Stöhr R, et al. Molecular Subtyping of Invasive Breast Cancer Using a PAM50-Based Multigene Expression Test-
Comparison with Molecular-Like Subtyping by Tumor Grade/Immunohistochemistry and Influence on Oncologist's Decision on 
Systemic Therapy in a Real-World Setting. Int J Mol Sci. 2022 Aug 5;23(15):8716. doi: 10.3390/ijms23158716. 

4. Fernandez-Martinez A, Pascual T, Perrone G et al. Limitations in predicting PAM50 intrinsic subtype and risk of relapse score with 
Ki67 in estrogen receptor-positive HER2-negative breast cancer. Oncotarget. 2017 Mar 28;8(13):21930-21937.

5. Jensen MB, Lænkholm AV, Nielsen TO et al. The Prosigna gene expression assay and responsiveness to adjuvant cyclophosphamide-
based chemotherapy in premenopausal high-risk patients with breast cancer. Breast Cancer Res. 2018 Jul 27;20(1):79. 

6. Lænkholm AV, Jensen MB, Eriksen JO etal. PAM50 Risk of Recurrence Score Predicts 10-Year Distant Recurrence in a Comprehensive 
Danish Cohort of Postmenopausal Women Allocated to 5 Years of Endocrine Therapy for Hormone Receptor-Positive Early Breast 
Cancer. J Clin Oncol. 2018 Mar 10;36(8):735-740.

7. Laenkholm AV, Jensen MB, Eriksen JO et al. The ability of PAM50 risk of recurrence score to predict 10-year distant recurrence in 
hormone receptor-positive postmenopausal women with special histological subtypes. Acta Oncol. 2018 Jan;57(1):44-50.

8. Ohnstad HO, Borgen E, Falk RS et al. Prognostic value of PAM50 and risk of recurrence score in patients with early-stage breast 
cancer with long-term follow-up. Breast Cancer Res. 2017 Nov 14;19(1):120.

9. Ohara AM, Naoi Y, Shimazu K et al. PAM50 for prediction of response to neoadjuvant chemotherapy for ER-positive breast cancer. 
Breast Cancer Res Treat. 2019 Feb;173(3):533-543

10. Prat A, Lluch A, Turnbull AK et al. A PAM50-Based Chemoendocrine Score for Hormone Receptor-Positive Breast Cancer with an 
Intermediate Risk of Relapse. Clin Cancer Res. 2017 Jun 15;23(12):3035-3044.

11. Kjällquist U, Acs B, Margolin S, et al. Real World Evaluation of the Prosigna/PAM50 Test in a Node-Negative Postmenopausal Swedish 
Population: A Multicenter Study. Cancers (Basel). 2022 May 25;14(11):2615.

Breast Cancer Index®

1. Bartlett JMS, Sgroi DC, Treuner K et al. Breast Cancer Index and prediction of benefit from extended endocrine therapy in breast 
cancer patients treated in the Adjuvant Tamoxifen-To Offer More? (aTTom) trial. Ann Oncol. 2019 Nov 1;30(11):1776-1783.

2. Noordhoek I, Treuner K, Putter H, et al. Breast Cancer Index Predicts Extended Endocrine Benefit to Individualize Selection of Patients 
with HR+ Early-stage Breast Cancer for 10 Years of Endocrine Therapy. Clin Cancer Res. 2021 Jan 1;27(1):311-319. doi: 10.1158/1078-



0432.CCR-20-2737. Epub 2020 Oct 27. PMID: 33109739.
3. Sgroi DC, Treuner K, Zhang Y, et al. Correlative studies of the Breast Cancer Index (HOXB13/IL17BR) and ER, PR, AR, AR/ER ratio and 

Ki67 for prediction of extended endocrine therapy benefit: a Trans-aTTom study. Breast Cancer Res. 2022 Dec 16;24(1):90. 
4. Woolpert KM, Ahern TP, Lash TL,Biomarkers predictive of a response to extended endocrine therapy in breastcancer: a systematic 

review and meta-analysis. Breast Cancer Res Treat. 2023 Oct 25. doi: 10.1007/s10549-023-07149-x. Online ahead of 
print.PMID: 37878151

IHC-4 Score
1. Cuzick J, Dowsett M, Pineda S et al. Prognostic value of a combined estrogen receptor, progesterone receptor, Ki-67, and human 

epidermal growth factor receptor-2 immunohistochemical score and comparison with the Genomic Health recurrence score in early 
breast cancer. J Clin Oncol 2011;29(32):4273-4278.

2. Sheri A, Smith IE, Hills M et al. Relationship between IHC4 Score and response to neo-adjuvant chemotherapy in estrogen receptor 
positive breast cancer. Breast Cancer Res Treat  2017;164(2):395-400

PREDICT (https://breast.predict.nhs.uk/)
1. Candido Dos Reis FJ, Wishart GC, Dicks EM, et al. An updated PREDICT breast cancer prognostication and treatment benefit 

prediction model with independent validation. Breast Cancer Res. ; 2017;19(1):58.
2. Gunda A, Eshwaraiah MS, Gangappa K, et al. A comparative analysis of recurrence risk predictions in ER+/HER2- early breast cancer 

using NHS Nottingham Prognostic Index, PREDICT, and CanAssist Breast. Breast Cancer Res Treat. 2022 Nov;196(2):299-310. 
3. Gray E, Marti J, Brewster DH, Wyatt JC, Hall PS; SATURNE Advisory Group. Independent validation of the PREDICT breast cancer 

prognosis prediction tool in 45,789 patients using Scottish Cancer Registry data. Br J Cancer 2018 Oct;119(7):808-814.

HER2DX
1. Guarneri V, Bras-Maristany F, Dieci MV, et al. HER2DX genomic test in HER2-positive/hormone receptor-

positive breast cancertreated with neoadjuvant trastuzumab and pertuzumab: A correlative analysis from the PerELISA trial. 
EBioMedicine. 2022 Nov;85:104320. 

2. Prat A, Guarneri V, Paré L, et al. A multivariable prognostic score to guide systemic therapy in early-stage HER2-
positive breast cancer: a retrospective study with an external evaluation. Lancet Oncol. 2020 Nov;21(11):1455-1464. 

3. Villacampa G, Tung NM, Pernas S, et al. Association of HER2DX with pathological complete response and survival outcomes in 

https://pubmed.ncbi.nlm.nih.gov/?term=SATURNE+Advisory+Group%5bCorporate+Author%5d


HER2-positive breast cancer. Ann Oncol. 2023 Sep;34(9):783-795.

Lobular Score:

1. De Nonneville A, Jauffret C, Goncalves A. et al. Adjuvant chemotherapy in lobular carcinoma of the breast: a clinicopathological score 
identifies high-risk patient with survival benefit Breast Cancer Res Treat. 2019 Jun;175(2):379-387. : Points-based risk score: pN1 = 6 
points, tumnor size > 2cm = 3 points, LVI = 2 points; low risk = < 5 points; high risk 5-11 points.

2. Fu R, Yang J, Wang H et al.: A nomogram for determining the disease-specific survival in invasive lobular carcinoma of the breast: A 
population study. Medicine (Baltimore). 2020 Oct 23;99(43):e22807.

CTS Clinical Treatment Score
1. Lakhanpal R, Sestak I, Shadbolt B, et al. IHC4 score plus clinical treatment score predicts locoregional recurrence in early breast 

cancer. Breast. 2016;29:147–152.
2. Richman J, Ring A, Dowsett M, Sestak I. Clinical validity of clinical treatment score 5 (CTS5) for estimating risk of late recurrence in 

unselected, non-trial patients with early oestrogen receptor-positive breast cancer. Breast Cancer Res Treat. 2020 Nov 21. 
3. Wang C, Xu Y, Lin Y, et al. Comparison of CTS5 risk model and 21-gene recurrence score assay in large-scale breast cancer population 

and combination of CTS5 and recurrence score to develop a novel nomogram for prognosis prediction. Breast. 2022 Jun;63:61-70. 
4. Dejthevaporn T, Patanayindee P Clinical Treatment Score Post-5 Years as a Tool for Risk Estimation of Late Recurrence in Thai 

Patients With Estrogen-Receptor-Positive, Early BreastCancer: A Validation Study. Breast Cancer (Auckl). 2023 Jul 
31;17:11782234231186869. 

5. Ning L, Liu Y, He X, et al. Validation of CTS5 Model in Large-scale Breast Cancer Population and Combination of CTS5 and Ki-67 Status 
to Develop a Novel Nomogram for Prognosis Prediction. Am J Clin Oncol. 2023 Dec 22. doi: 10.1097/COC.0000000000001080. 
Online ahead of print.PMID: 38131531

CPS-EG Score
1. Loibl S, Weber K, Huober J et al.: Risk Assessment after Neoadjuvant Chemotherapy in Luminal Breast Cancer Using a 

Clinicomolecular Predictor. Cancer Res. 2018 Jul 15;24(14):3358-3365. 
2. Marmé F, Solbach C, Michel L, et al. Utility of the CPS + EG scoring system in triple-negative breast cancer treated with neoadjuvant 

chemotherapy. Eur J Cancer. 2021 Aug;153:203-212. doi: 10.1016/j.ejca.2021.05.027. Epub 2021 Jun 26. PMID: 34186505.



3. Mittendorf EA, Jeruss JS, Tucker SL et al. Validation of a novel staging system for disease-specific survival in patients with breast 
cancer treated with neoadjuvant chemotherapy. J Clin Oncol. 2011 May 20;29(15):1956-62.

RCB
1. Yau C, Osdoit M, van der Noordaa M, et al. Residual cancer burden after neoadjuvant chemotherapy and long-term survival 

outcomes in breast cancer: a multicentre pooled analysis of 5161 patients. Lancet Oncol. 2022 Jan;23(1):149-160.



Head to head comparisons
1. Varga Z, Sinn P, Seidman AD. Summary of head-to-head comparisons of patient risk classifications by the 21-gene Recurrence Score® 

(RS) assay and other genomic assays for early breast cancer. Int J Cancer. 2019 Aug 15;145(4):882-893.
2. Berchtold E, Vetter M, Gündert M et al. Comparison of six breast cancer classifiers using qPCR. Bioinformatics. 2019 Sep 

15;35(18):3412-3420.
3. Sestak I, Buus R, Cuzick J, et al. Comparison of the Performance of 6 Prognostic Signatures for Estrogen Receptor-Positive Breast 

Cancer: A Secondary Analysis of a Randomized Clinical Trial. JAMA Oncol. 2018 Apr 1;4(4):545-553. 

Endopredict
1. Blank PR, Filipits M, Dubsky P, et al.: Cost-effectiveness analysis of prognostic gene expression signature-based stratification of early 

breast cancer patients. Pharmacoeconomics. 2015 Feb;33(2):179-90.
2. Buus R, Sestak I, Kronenwett R, et al.: Comparison of EndoPredict and EPclin with Oncotype DX Recurrence Score for Prediction of 

Risk of Distant Recurrence after endocrine therapy J Natl Cancer Inst. 2016 Jul 10;108(11).
3. Denkert, C., Kronenwett, R., Schlake, W. et al. 2012. Decentral gene expression analysis for ER+/Her2- breast cancer: results of a 

proficiency testing program for the EndoPredict assay. Virchows Arch. 460, 251–259. doi:10.1007/s00428-012-1204-4.
4. Dubsky, P., Filipits, M., Jakesz, R. et al. 2012. EndoPredict improves the prognostic classification derived from common clinical 
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Technique Microarrays for RNA qRT-PCR q-RT-PCR Direct hybridization 
(nCounter®)

q-RT-PCR
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Service Mark (SM)
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guidelines in ER-positive, HER2-negative early breast cancer. Ann Oncol. 2013 Mar;24(3):640-7.
5. Dubsky P, Brase JC, Jakesz R et al.:  Austrian Breast and Colorectal Cancer Study Group (ABCSG). T al.: The EndoPredict score provides 

prognostic information on late distant metastases in ER+/HER2- breast cancer patients. Br J Cancer. 2013 Dec 10;109(12):2959-64
6. Filipits, M., Rudas, M., Jakesz, R. et al. 2011. A new molecular predictor of distant recurrence in ER-positive, HER2-negative breast 

cancer adds independent information to conventional clinical risk factors. Clin. Cancer Res. 17, 6012–6020. 
7. Kronenwett, R., Bohmann, K., Prinzler, J. et al. 2012. Decentral gene expression analysis: analytical validation of the Endopredict

genomic multianalyte breast cancer prognosis test. BMC Cancer 12, 456.
8. Martin M, Brase JC, Calvo L, et al. Clinical validation of the EndoPredict test in node-positive, chemotherapy-treated ER+/HER2-

breast cancer patients: results from the GEICAM 9906 trial. Breast Cancer Res 2014; 16(2): R38.
9. Constantinidou A, Marcou Y, Toss MS, et al. .Clinical Validation of EndoPredict in Pre-Menopausal Women with ER-Positive, HER2-

Negative Primary Breast Cancer. Clin Cancer Res. 2022 Oct 14;28(20):4435-4443. 

MammaPrint
1. Buyse, M., Loi, S., van't Veer, L., et al. 2006. Validation and clinical utility of a 70-gene prognostic signature for women with node-

negative breast cancer. J. Natl. Cancer Inst. 98, 1183–1192. 
2. Drukker CA, Elias SG, Nijenhuis MV, et al. Gene expression profiling to predict the risk of locoregional recurrence in breast cancer: a 

pooled analysis. Breast Cancer Res Treat. 2014 Dec;148(3):599-613.
3. Exner R, Bago-Horvath Z, Bartsch R et al. The multigene signature MammaPrint impacts on multidisciplinary team decisions in ER+,

HER2- early breast cancer. Br J Cancer. 2014 Aug 26;111(5):837-42.
4. Jonsdottir K, Assmus J, Slewa A, et al. Prognostic value of gene signatures and proliferation in lymph-node-negative breast cancer. 

PLoS One. 2014 Mar 5;9(3):e90642. 
5. Mook, S., Schmidt, M.K., Weigelt, B., et al. 2010. The 70-gene prognosis signature predicts early metastasis in breast cancer patients 

between 55 and 70 years of age. Ann. Oncol. 21, 717–722. 
6. Mook, S., Schmidt, M.K., Rutgers, E.J.,  et al. 2009a. Calibration and discriminatory accuracy of prognosis calculation for breast cancer 

with the online Adjuvant! program: a hospital-based retrospective cohort study. Lancet Oncol. 10, 1070–1076. 
7. Mook, S., Schmidt, M.K., Viale, G. et al. 2009b. The 70-gene prognosis-signature predicts disease outcome in breast cancer patients 

with 1-3 positive lymph nodes in an independent validation study. Breast Cancer Res. Treat. 116, 295–302. 
8. van de Vijver, M.J., He, Y.D., van't Veer, L.J., et al. 2002. A gene-expression signature as a predictor of survival in breast cancer. N. Engl. 

J. Med. 347, 1999–2009. doi:10.1056/NEJMoa021967.



9. van Veer, L.J. 't, Dai, H., van de Vijver, M.J., et al. 2002. Gene expression profiling predicts clinical outcome of breast cancer. Nature 
415, 530–536. doi:10.1038/415530a.

10. Cardoso F, van't Veer LJ, Bogaerts J, et al. 70-Gene Signature as an Aid to Treatment Decisions in Early-Stage Breast Cancer. N Engl J 
Med. 2016 Aug 25;375(8):717-29.

11. Piccart M, van 't Veer LJ, Poncet C, et al. 70-gene signature as an aid for treatment decisions in early breast cancer: updated results of 
the phase 3 randomised MINDACT trial with an exploratory analysis by age. Lancet Oncol. 2021 Apr;22(4):476-488. doi: 
10.1016/S1470-2045(21)00007-3. Epub 2021 Mar 12. PMID: 33721561.

12. Vliek SB, Hilbers FS, Jager A, et al.Ten-year follow-up of the observational RASTER study, prospective evaluation of the 70-gene 
signature in ER-positive, HER2-negative, node-negative, early breastcancer. Eur J Cancer. 2022 Nov;175:169-179. 

Oncotype DX
1. Albain, K.S., Barlow, W.E., Shak, S. et al. 2010. Prognostic and predictive value of the 21-gene recurrence score assay in 

postmenopausal women with node-positive, oestrogen-receptor-positive breast cancer on chemotherapy: a retrospective analysis of 
a randomised trial. Lancet Oncol. 11, 55–65. Cronin, M., Sangli, C., Liu, M.-L., et al. 2007. Analytical validation of the Oncotype DX 
genomic diagnostic test for recurrence prognosis and therapeutic response prediction in node-negative, estrogen receptor-positive 
breast cancer. Clin. Chem. 53, 1084–1091.

2. Dowsett, M., Cuzick, J., Wale, C. et al. 2010. Prediction of risk of distant recurrence using the 21-gene recurrence score in node-
negative and node-positive postmenopausal patients with breast cancer treated with anastrozole or tamoxifen: a TransATAC study. J. 
Clin. Oncol. 28, 1829–1834. 

3. Geyer CE Jr, Tang G, Mamounas EP, et al. 21-Gene assay as predictor of chemotherapy benefit in HER2-negative breast cancer. NPJ 
Breast Cancer. 2018 Nov 14;4:37. 

4. Gluz O, Nitz UA, Christgen M, et al.: West German Study Group Phase III PlanB Trial: First Prospective Outcome Data for the 21-Gene 
Recurrence Score Assay and Concordance of Prognostic Markers by Central and Local Pathology Assessment. J Clin Oncol. 2016 Jul 
10;34(20):2341-9.

5. Kalinsky K, Barlow WE, Gralow JR et al. 21-Gene Assay to inform chemotherapy benefit from node positive breast cancer.  Engl J Med 
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Nov 19;373(21):2005
2. Sparano JA, Gray RJ, Makower DF, et al. Adjuvant Chemotherapy Guided by a 21-Gene Expression Assay in Breast Cancer. N Engl J 

Med. 2018 Jul 12;379(2):111-121. 
3. Sparano JA, Gray RJ, Makower DF, et al. 12-Year Recurrence and Survival Outcomes for Patients With Early-Stage Breast Cancer. SABCS 

2022. GS1-05

RxPONDER
1. Kalinsky K, Barlow WE, Gralow JR et al. 21-Gene Assay to inform chemotherapy benefit in node-positive breast cancer. N Engl J Med 

DOI: 10.1056/NEJMoa2108873

Plan B
1. Gluz O, Nitz UA, Christgen M, et al. West German Study Group Phase III PlanB Trial: First Prospective Outcome Data for the 21-Gene 

Recurrence Score Assay and Concordance of Prognostic Markers by Central and Local Pathology Assessment. J Clin Oncol. 2016 Jul 
10;34(20):2341-9.
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Prospective Clinical Trials (Oncotype DX® [TAILORx, PlanB, 
RxPONDER, ADAPT], MammaPrint® [MINDACT])

Prognosis in low-risk groups excellent for both tests: ~ 94% 5 J. DFS with only adjuvant endocrine therapy (ET)

TailorX RxPONDER PlanB ADAPT MINDACT

Follow-up median  7.5 years median 5.1 years 5-year-DFS median 60 months median 8.7 years 

Trial design (biomarker 
question)

pN0; Randomization RS 
11-25 (+/- CTX)

pN1; Randomization 
RS0-25 (+/- CTX)

Prospective ODX 
testing: ET alone in 
RS 0-11 pN0-1

Non-inferiority (iDFS) ET alone: 
RS 0-11 vs  RS12-25/ET 
response

Prospectively defined 5y-
DMFS threshold for ET alone

Percentage  clinically 
defined low-risk group

6615/9427 (70.2%, adj-
online)

all 1-3 involved 
lymph nodes

all clincial CTX 
indication (pN0-1)

all clincial chemotherapy (CTX)  
indication (c/pN0-1)

3336/ 6693 (49.8%, adj-online)

Percentage high clinical risk 
and low genomic risk 
(clinical CTX  indication)

16.7% (RS 0–10) 42.8% (RS 0-13) 15.3% (RS 0–11) ET-trial (pN0-1): all RS 0-25, i.e. 
low genomic risk with ET alone

23.2% 

(high clinical/low genomic risk)

Test failure rate n.r. n.r. 2.9% n.r. 26% (fresh frozen)

Percentage genomically 
intermediate-risk group 
(only for Oncotype DX, 
ODX)

69.1% (RS 11–25) 57.2% (RS 14-24) 60.4% (RS 12–25) Included only RS 0-11 (37.9%) 
or

RS 12-25/ET response (62.1%)

n.a.

Percentage genomically 
high-risk group (only for 
Oncotype DX)

14.3% (RS ≥ 26) n.a. 24.3% (RS ≥ 26) n.a. 27.0% (high clinical and high 
genomic risk)

12-year follow-up reported n.r. n.r. n.r. n.r.



2. Nitz U, Gluz O, Christgen M, et al. Reducing chemotherapy use in clinically high-risk, genomically low-risk pN0 and pN1 early breast 
cancer patients: five-year data from the prospective, randomised phase 3 West German Study Group (WSG) PlanB trial. Breast 
Cancer Res Treat. 2017 Oct;165(3):573-583. 

ADAPT
1. Gluz O, Nitz UA, Christgen M, et al. Impact of age, recurrence score (RS) and ovarian function suppression (OFS) on endocrine 

response to short preoperative endocrine therapy (ET): Analysis of ADAPT and ADAPTcycle trials. Annals of Oncology (2022) 33 
(suppl_7): S808-S869. 10.1016/annonc/annonc1089 

2. Nitz UA, Gluz O, Kümmel S et al. Endocrine Therapy Response and 21-Gene Expression Assay for Therapy Guidance in HR+/HER2- 
Early Breast Cancer. J Clin Oncol. 2022 Aug 10;40(23):2557-2567. doi: 10.1200/JCO.21.02759. Epub 2022 Apr 11. 

MINDACT
1. Cardoso F, van't Veer LJ, Bogaerts J, et al. 70-Gene Signature as an Aid to Treatment Decisions in Early-Stage Breast Cancer. N Engl J 

Med. 2016 Aug 25;375(8):717-29.

2. Piccart M, van 't Veer LJ, Poncet C, et al. 70-gene signature as an aid for treatment decisions in early breast cancer: updated results of 
the phase 3 randomised MINDACT trial with an exploratory analysis by age. Lancet Oncol. 2021 Apr;22(4):476-488. doi: 
10.1016/S1470-2045(21)00007-3. Epub 2021 Mar 12. PMID: 33721561.

Several tests
1. Bartlett JM, Bayani J, Marshall A, et al; OPTIMA TMG. Comparing Breast Cancer Multiparameter Tests in the OPTIMA Prelim Trial: No 

Test Is More Equal Than the Others. J Natl Cancer Inst. 2016 Apr 29;108(9).
2. Varga Z, Sinn P, Seidman AD. Summary of head-to-head comparisons of patient risk classifications by the 21-gene Recurrence Score® 

(RS) assay and other genomic assays for early breast cancer. Int J Cancer. 2019 Aug 15;145(4):882-893.
3. Berchtold E, Vetter M, Gündert M et al. Comparison of six breast cancer classifiers using qPCR. Bioinformatics. 2019 Sep 

15;35(18):3412-3420.
4. Sestak I, Buus R, Cuzick J, et al. Comparison of the Performance of 6 Prognostic Signatures for Estrogen Receptor-Positive Breast 

Cancer: A Secondary Analysis of a Randomized Clinical Trial. JAMA Oncol. 2018 Apr 1;4(4):545-553. 



DTC before treatment
1. Hartkopf AD, Brucker SY, Taran FA, et al. Disseminated tumour cells from the bone marrow of early breast cancer patients: Results 

from an international pooled analysis. Eur J Cancer. 2021 Sep;154:128-137. 
2. Janni, W., Vogl, F.D., Wiedswang, G. et al. Persistence of disseminated tumor cells in the bone marrow of breast cancer patients 

predicts increased risk for relapse--a European pooled analysis. Clin. Cancer Res. 2011; 17, 2967–2976. 

CTC before treatment
1. Bidard FC, Michiels S, Riethdorf S, et al. Circulating Tumor Cells in Breast Cancer Patients Treated by Neoadjuvant Chemotherapy: A 

Meta-analysis. J Natl Cancer Inst. 2018 Jun 1;110(6):560-567. 
2. Trapp E, Janni W, Schindlbeck C, et al; SUCCESS Study Group. Presence of Circulating Tumor Cells in High-Risk Early Breast Cancer 

During Follow-Up and Prognosis. J Natl Cancer Inst. 2018 Oct 11. 
3. Munoz-Arcos LS, Nicolò E, Serafini MS, et al.Latest advances in clinical studies of circulating tumor cells in early and 

metastatic breast cancer. Int Rev Cell Mol Biol. 2023;381:1-21. 
4. Stergiopoulou D, Markou A, Strati A, et al. Comprehensive liquid biopsy analysis as a tool for the early detection of minimal residual 

disease in breast cancer. Sci Rep. 2023 Jan 23;13(1):1258. 
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Early breast cancer (M0) – 
CTCs / ct-DNA prognosis and prediction

Prognosis before treatment LoE GR AGO

§ Disseminated tumor cells (DTC) 1a A +/-
§ Circulating tumor cells (CTC, Cell Search®)* 1a A +/-

§ ct-DNA 1a A +/-

Prognosis after treatment (surgery +/- chemo)
§ DTCs 1b A +/-

§ CTCs 1b A +/-

§ ct-DNA 1b A +/-

Post(neo)adjuvant treatment decisions based on 
§ CTC-positivity 3a C -

§ ct-DNA positivity 5 D -**

§ Mutations detected by ct-DNA 5 D -**

Oxford

* Validated clinical data only available for this assay; ** Study participation recommended



Cell-free DNA/ctDNA before treatment:
1. Cullinane C, Fleming C, O'Leary DP, et al. Association of Circulating Tumor DNA With Disease-Free Survival in Breast Cancer: A 

Systematic Review and Meta-analysis. JAMA Netw Open. 2020 Nov 2;3(11):e2026921. 
2. Vlataki K, Antonouli S, Kalyvioti C, et al. Circulating Tumor DNA in the Management of Early-Stage Breast Cancer. Cells. 2023 Jun 

7;12(12):1573. 
3. Guo N, Zhou Q, Chen X, et al. . Circulating tumor DNA as prognostic markers of relapsed breast cancer: a systematic review and 

meta-analysis. J Natl Cancer Cent. 2024 Jan 23;4(1):63-73. doi: 10.1016/j.jncc.2024.01.003. PMID: 39036387; PMCID: 
PMC11256521.

4. Janni WJ, Rack B, Terstappen LW, et al. Pooled Analysis of the Prognostic Relevance of Circulating Tumor Cells in Primary Breast 
Cancer. Clin Cancer Res. 2016 May 15;22(10):2583-93. doi: 10.1158/1078-0432.CCR-15-1603. Epub 2016 Jan 5. PMID: 26733614.

DTCs – prognostic relevance after surgery +/- chemotherapy
1. Tjensvoll K, Oltedal S, Heikkilä R, et al.. Persistent tumor cells in bone marrow of non-metastatic breast cancer patients after primary 

surgery are associated with inferior outcome. BMC Cancer. 2012 May 28;12:190. doi: 10.1186/1471-2407-12-190. PMID: 22640166; 
PMCID: PMC3443029.

2. Mathiesen RR, Borgen E, Renolen A, Løkkevik E, Nesland JM, Anker G, Ostenstad B, Lundgren S, Risberg T, Mjaaland I, Kvalheim G, 
Lønning PE, Naume B. Persistence of disseminated tumor cells after neoadjuvant treatment for locally advanced breast cancer 
predicts poor survival. Breast Cancer Res. 2012 Aug 14;14(4):R117. doi: 10.1186/bcr3242. PMID: 22889108; PMCID: PMC3680942.

3. Hartkopf AD, Taran FA, Wallwiener M, et al. The presence and prognostic impact of apoptotic and nonapoptotic disseminated tumor 
cells in the bone marrow of primary breast cancer patients after neoadjuvant chemotherapy. Breast Cancer Res. 2013;15(5):R94. 
doi: 10.1186/bcr3496. PMID: 24099325; PMCID: PMC3978634.

CTCs – prognostic relevance after surgery +/- chemotherapy
1. Radovich M, Jiang G, Hancock BA, et al. Association of Circulating Tumor DNA and Circulating Tumor Cells After Neoadjuvant 

Chemotherapy With Disease Recurrence in Patients With Triple-Negative Breast Cancer: Preplanned Secondary Analysis of the 
BRE12-158 Randomized Clinical Trial. JAMA Oncol. 2020 Sep 1;6(9):1410-1415. 

2. Hall C, Karhade M, Laubacher B, Anderson A, Kuerer H, DeSynder S, Lucci A. Circulating Tumor Cells After Neoadjuvant 
Chemotherapy in Stage I-III Triple-Negative Breast Cancer. Ann Surg Oncol. 2015 Dec;22 Suppl 3:S552-8. doi: 10.1245/s10434-015-
4600-6. Epub 2015 May 13. PMID: 25968619.



3. Radovich M, Jiang G, Hancock BA, Chitambar C, Nanda R, Falkson C, Lynce FC, Gallagher C, Isaacs C, Blaya M, Paplomata E, Walling R, 
Daily K, Mahtani R, Thompson MA, Graham R, Cooper ME, Pavlick DC, Albacker LA, Gregg J, Solzak JP, Chen YH, Bales CL, Cantor E, 
Shen F, Storniolo AMV, Badve S, Ballinger TJ, Chang CL, Zhong Y, Savran C, Miller KD, Schneider BP. Association of Circulating Tumor 
DNA and Circulating Tumor Cells After Neoadjuvant Chemotherapy With Disease Recurrence in Patients With Triple-Negative Breast 
Cancer: Preplanned Secondary Analysis of the BRE12-158 Randomized Clinical Trial. JAMA Oncol. 2020 Sep 1;6(9):1410-1415. doi: 
10.1001/jamaoncol.2020.2295. PMID: 32644110; PMCID: PMC7349081.

ct-DNA – prognostic relevance after surgery +/- chemotherapy
1. Radovich M, Jiang G, Hancock BA, et al. Association of Circulating Tumor DNA and Circulating Tumor Cells After Neoadjuvant 

Chemotherapy With Disease Recurrence in Patients With Triple-Negative Breast Cancer: Preplanned Secondary Analysis of the 
BRE12-158 Randomized Clinical Trial. JAMA Oncol. 2020 Sep 1;6(9):1410-1415. 

2. Nader-Marta G, Monteforte M, Agostinetto E, et al. Circulating tumor DNA for predicting recurrence in patients with operable breast 
cancer: a systematic review and meta-analysis. ESMO Open. 2024 Mar;9(3):102390. doi:

3. Cutts R, Ulrich L, Beaney M, Robert M, et al. Association of post-operative ctDNA detection with outcomes of patients with early 
breast cancers. ESMO Open. 2024 Sep;9(9):103687. doi: 10.1016/j.esmoop.2024.103687. Epub 2024 Aug 30. PMID: 39216186; 
PMCID: PMC11402396.

4. Radovich M, Jiang G, Hancock BA, Association of Circulating Tumor DNA and Circulating Tumor Cells After Neoadjuvant 
Chemotherapy With Disease Recurrence in Patients With Triple-Negative Breast Cancer: Preplanned Secondary Analysis of the 
BRE12-158 Randomized Clinical Trial. JAMA Oncol. 2020 Sep 1;6(9):1410-1415. doi: 10.1001/jamaoncol.2020.2295. PMID: 
32644110; PMCID: PMC7349081.

Postneoadjuvant treatment decisions based on detetction of persistent CTCs
1. Ignatiadis M, Litière S, Rothe F, Riethdorf S, Proudhon C, Fehm T, Aalders K, Forstbauer H, Fasching PA, Brain E, Vuylsteke P, Guardiola 

E, Lorenz R, Pantel K, Tryfonidis K, Janni W, Piccart M, Sotiriou C, Rack B, Pierga JY. Trastuzumab versus observation for HER2 
nonamplified early breast cancer with circulating tumor cells (EORTC 90091-10093, BIG 1-12, Treat CTC): a randomized phase II trial. 
Ann Oncol. 2018 Aug 1;29(8):1777-1783. doi: 10.1093/annonc/mdy211. PMID: 29893791.



Tegeler CM, Hartkopf AD, Banys-Paluchowski M,  et al. . Circulating Tumor DNA in Early and Metastatic Breast Cance-Current Role and 
What Is Coming Next. Cancers (Basel). 2024 Nov 22;16(23):3919. doi: 10.3390/cancers16233919. PMID: 39682108; PMCID: 
PMC11640659.
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Clinical studies on post-(neo)adjuvant therapy decisions in the 
case of post-therapeutic ctDNA positivity in early breast 

cancer (EBC)

Modified from Tegeler CM et al. Cancers 2024

Name of the 
study

NCT number Phase Inclusion criteria Experimental arm

ARTEMIS 04803539 II Triple negative, 
 Stage II-III

Capecitabine + 
Camrelizumab 
+ Apatinib

PERSEVERE 04849364 II Triple negative
 non PCR

Depending on mutation + 
Capecitabin

KAN-HER 05388149 II HER2 positive,
2-6 cycle T-DM1

Neratinib (in addition to T-
DM1)

ASPRIA 04434040 II triple negative
non PCR

Atezolizumab +
Sacitzumab Govitecan



General publications
1. Simon RM, Paik S, Hayes DF. Use of archived specimens in evaluation of prognostic and predictive biomarkers. J. Natl. Cancer Inst. 

2009; 101(21): 1446 – 1452

2. Curigliano G, Burstein HJ, Gnant M, et al. Understanding breast cancer complexity to improve patient outcomes: The St Gallen 
International Consensus Conference for the Primary Therapy of Individuals with Early Breast Cancer 2023. Ann Oncol. 2023 
Nov;34(11):970-986. 

Endocrine therapy
1. Colleoni M et al. Tamoxifen after adjuvant chemotherapy for premenopausal women with lymph node-positive breast cancer: 

International Breast Cancer Study Group Trial 13-93. J Clin Oncol 2006; 24 (9): 1332-4.
2. Early Breast Cancer Trialists' Collaborative Group (EBCTCG). Effects of chemotherapy and hormonal therapy for early breast cancer on 

recurrence and 15-year survival: an overview of the randomised trials. Lancet 2005; 365 (9472): 1687-717.
3. Early Breast Cancer Trialists' Collaborative Group (EBCTCG), Davies C, Godwin J, et al.  Relevance of breast cancer hormone receptors 

and other factors to the efficacy of adjuvant tamoxifen: patient-level meta-analysis of randomised trials. Lancet. 2011 Aug 
27;378(9793):771-84

4. Thürliman B et al. Is chemotherapy necessary for premenopausal women with lower-risk node-positive, endocrine responsive breast 
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Predictive Factors: Adjuvant Endocrine 
Therapy

Oxford

Therapy Factor LoE GR AGO
§ Endocrine therapy § ER / PR status [%] 1a A ++

§ IHC staining intensity (ER/PR) 1a A -
§ Ki-67 Re-Evaluation after short preoperative endocrine 

therapy (2-4 weeks)
1b A +

§ Recurrence Score 12-25 and Ki-67 decrease below 
<=10% after short preoperative endocrine therapy 

1b B +

§ Extended endocrine therapy 
(EAT)

§ Breast Cancer Index® 
        MammaPrint

2b B +/-

§ Tamoxifen § CYP2D6-polymorphism 2b B -

§ Ovarian ablation or 
suppression

§ Menopausal status 1c A ++

§ Aromatase inhibitors vs. 
tamoxifen

§ Menopausal status 1c A ++

§ ER / PR / HER2 as single factors 1c A -

§ Invasiv-lobular breast cancer 2b B +

§ Ki-67 high 2b B +/-

§ Obesity (BMI > 30 kg/m²) 2b B +/-



cancer? 10-year update of International Breast Cancer Study Group Trial 11-93. Breast Cancer Res Treat. 2009; 113:137-44.
5. Ellis MJ, Suman VJ, Hoog J, et al. Ki67 Proliferation Index as a Tool for Chemotherapy Decisions During and After Neoadjuvant 

Aromatase Inhibitor Treatment of Breast Cancer: Results From the American College of Surgeons Oncology Group Z1031 Trial 
(Alliance). J Clin Oncol. 2017 Apr 1;35(10):1061-1069. 

Ki-67 determination after endocrine induction treatment

1. Dowsett M, Torsten O, A´Hern R et al. Assessemnt of Ki-67 in Breast Cancer: Recommendations from the International Ki67 Breast 
Cancer Working Group. J Natl Cancer Inst 2011;103:1656-1664

2. Kim HJ, Noh WC, Lee ES et al. Efficacy of neoadjuvant endocrine therapy compared with neoadjuvant chemotherapy in pre-
menopausal patients with estrogen receptor positive and HER2-negative lymph-node positive breast cancer. Breast Cancer Res 
202;22(1):54-59.

3. Ellis MJ, Suman VJ, Hoog J et al. Ki-67 Proliferation Index as a tool for chemotherapy decision during and after neoadjuvant 
aromatase inhibitor treatment of breast cancer: Results from the American College of Surgeons Oncology Group Z1031 Trial 
(Alliance). J Clin Oncol 2017;35(10):1061-1069.

4. Smith I, et al. Long-term outcome and prognostic value of Ki67 after perioperative endocrine therapy in postmenopausal women 
with hormone-sensitive early breast cancer (POETIC): an open-label, multicentre, parallel-group, randomised, phase 3 trial. The 
Lancet Oncology 2020; 21(11): 1443-1454.

5. Nitz UA, et al. Endocrine Therapy Response and 21-Gene Expression Assay for Therapy Guidance in HR+/HER2- Early Breast Cancer. J 
Clin Oncol  2022; 40(23): 2557-2567.

6. Martins-Branco D, Nader-Marta G, Molinelli C et al. Ki-67 index after neoadjuvant endocrine therapy as a prognostic biomarker in 
patients with ER-positive/HER2-negative early breast cancer: a systematic review and meta-analysis. Eur J Cancer. 2023 
Nov;194:113358.

Intermediate risk (11-25) and KI-67-decline below 10%

1. Nitz UA, Gluz O, Kümmel S et al. Endocrine Therapy Response and 21-Gene Expression Assay for Therapy Guidance in HR+/HER2- Early 
Breast Cancer. J Clin Oncol  2022; 40(23): 2557-2567.



EAT
1. Bartlett JMS, Sgroi DC, Treuner K et al. Breast Cancer Index and prediction of benefit from extended endocrine therapy in breast 

cancer patients treated in the Adjuvant Tamoxifen-To Offer More? (aTTom) trial. Ann Oncol. 2019 Nov 1;30(11):1776-1783.
2. Rastogi P, et al. Utility of the 70-gene MammaPrint assay for prediction of benefit from extended letrozole therapy (ELT) in the NRG 

Oncology/NSABP B-42 trial. Journal of Clinical Oncology 2021; 39(15_suppl): 502-502.
3. Liefers GJ, Meershoek-Klein Kranenbarg E, et al. Utility of the 70-gene MammaPrint test for prediction of extended endocrine 

therapy benefit in patients with early-stage breast cancer in the IDEAL Trial, SABCS 2022 GS5-10

CYP2D6
1. Bezerra LS, Santos-Veloso MAO, Bezerra Junior NDS, et al. Impacts of Cytochrome P450 2D6 (CYP2D6) Genetic Polymorphism in 

Tamoxifen Therapy for Breast Cancer. Rev Bras Ginecol Obstet. 2018 Dec;40(12):794-799. 
2. Brooks JD, Comen EA, Reiner AS, et al; WECARE Study collaborative group, Malone KE, Bernstein JL. CYP2D6 phenotype, tamoxifen, 

and risk of contralateral breast cancer in the WECARE Study. Breast Cancer Res. 2018 Dec 10;20(1):149. 
3. Bai Y, Wu HW, Zhang YH. Effects of CYP2D6*10 polymorphism on tamoxifen pharmacokinetics in patients with breast cancer in Asia: 

a meta-analysis. Cancer Chemother Pharmacol. 2019 Jan;83(1):71-79. 
4. Schroth W, Winter S, Mürdter T, et al. Improved Prediction of Endoxifen Metabolism by CYP2D6 Genotype in Breast Cancer Patients 

Treated with Tamoxifen. Front Pharmacol. 2017 Aug 24;8:582. 
5. Hertz DL, Kidwell KM, Hilsenbeck SG, et al. CYP2D6 genotype is not associated with survival in breast cancer patients treated with 

tamoxifen: results from a population-based study. Breast Cancer Res Treat. 2017 Nov;166(1):277-287. 
6. Hwang GS, Bhat R, Crutchley RD, et al. Impact of CYP2D6 polymorphisms on endoxifen concentrations and breast cancer outcomes. 

Pharmacogenomics J. 2018 Apr;18(2):201-208. 
7. Wang T, Zhou Y, Cao G. Pharmacogenetics of tamoxifen therapy in Asian populations: from genetic polymorphism to clinical 

outcomes. Eur J Clin Pharmacol. 2021 Aug;77(8):1095-1111.

Amenorrhoea
1. Anders C, Marcom PK, Peterson B, et al. A pilot study of predictive markers of chemotherapy-related amenorrhea among 

premenopausal women with early stage breast cancer. Cancer Invest. 2008 Apr-May;26(3):286-95.



2. Anderson RA, Cameron DA. Pretreatment serum anti-müllerian hormone predicts long-term ovarian function and bone mass after 
chemotherapy for early breast cancer. J Clin Endocrinol Metab. 2011 May;96(5):1336-43. 

AI versus TAM:

Invasive lobular:
1. Metzger Filho O, Giobbie-Hurder A, Mallon E, Gusterson B, Viale G, Winer EP, Thurlimann B, Gelber RD, Colleoni M, Ejlertsen B, et al.: 

Relative effectiveness of letrozole compared with Tamoxifen for patients with lobular carcinoma in the BIG 1–98 Trial. J Clin Oncol 
2015; 33: 2772–9 CrossRef MEDLINE

KI-67 high:
1. Smith I, Robertson J, Kilburn L, et al. Long-term outcome and prognostic value of Ki67 after perioperative endocrine therapy in 

postmenopausal women with hormone-sensitive early breast cancer (POETIC): an open-label, multicentre, parallel-group, 
randomised, phase 3 trial. Lancet Oncol. 2020 Nov;21(11):1443-1454. 

2. Smith I, et al. Long-term outcome and prognostic value of Ki67 after perioperative endocrine therapy in postmenopausal women with 
hormone-sensitive early breast cancer (POETIC): an open-label, multicentre, parallel-group, randomised, phase 3 trial. The Lancet 
Oncology 2020; 21(11): 1443-1454.

Body Mass Index
1. Chan DSM et al. Body mass index and survival in women with breast cancer—systematic literature review and meta-analysis of 82 

follow-up studies Ann Oncol. Oct 2014; 25(10): 1901–1914. Xia X, Chen W, Li J, et al. Body mass index and risk of breast cancer: a 
nonlinear dose-response meta-analysis of prospective studies. Sci Rep. 2014 Dec 15;4:7480. 

2. Lammers SWM, Geurts SME, van Hellemond IEG, et al. The prognostic and predictive effect of body mass index in hormone receptor-
positive breast cancer. JNCI Cancer Spectr. 2023 Oct 31;7(6):pkad092.



70-Gene-Signature (Mammaprint®)
1. Cardoso F, van't Veer LJ, Bogaerts J, et al. 70-Gene Signature as an Aid to Treatment Decisions in Early-Stage Breast Cancer. N Engl J 

Med. 2016;375(8):717–729.
2. Cardoso F, van 't Veer L, Poncet C, et al. MINDACT: Long-term results of the large prospective trial testing the 70-gene signature 

MammaPrint as guidance for adjuvant chemotherapy in breast cancer patients. ASCO 2020, #506
3. Vliek SB, Hilbers FS, Jager A, et al.Ten-year follow-up of the observational RASTER study, prospective evaluation of the 70-gene 

signature in ER-positive, HER2-negative, node-negative, early breastcancer. Eur J Cancer. 2022 Nov;175:169-179. 

OncotypeDX
1. Paik, S., Tang, G., Shak, S., et al. 2006. Gene expression and benefit of chemotherapy in women with node-negative, estrogen 

receptor-positive breast cancer. J. Clin. Oncol. 24, 3726–3734. 
2. Sparano JA, Gray RJ, Makower DF, et al. Clinical Outcomes in Early Breast Cancer With a High 21-Gene Recurrence Score of 26 to 100 

Assigned to Adjuvant Chemotherapy Plus Endocrine Therapy: A Secondary Analysis of the TAILORx Randomized Clinical Trial 
[published online ahead of print, 2019 Sep 30]. JAMA Oncol. 2019;e194794.

3. Kalinsky K, Barlow WE, Meric-Bernstam F, et al. First results from a phase III randomized clinical trial of standard adjuvant endocrine 
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*Consider decision according to age/menopausal status, prospective evidence available for Mammaprint and OncotypeDX 
only  (see next slide)

Therapy Factor

Oxford

LoE G
R

AGO

§ Adjuvant 
Chemotherapy

70-Gene-signature (Mammaprint®) 1b A +
21-Gene-signature (Oncotype DX RS®) 1b A +

EPclin (Endopredict®) 2b B +

PAM-50 (Prosigna®) 2b B +

Histological type (lobular vs. NST) 2b B -

TIL‘s in TNBC 1a A +/-
§ Anti-HER2-Therapy HER2 (IHC, ISH) 1a A ++
§ PARP-Inhibitors gBRCA1/Mutation (HER2 neg.) 1a A ++

Predictive Factors: (Neo-)Adjuvant 
Chemotherapy and Targeted Therapy 



therapy (ET) +/- chemotherapy (CT) in patients (pts) with 1-3 positive nodes, hormone receptor-positive (HR+) and HER2-negative 
(HER2-) breast cancer (BC) with recurrence score (RS) < 25: SWOG S1007 (RxPonder). SABCS 2020, GS3-00

4. Harbeck N, Gluz O, Kuemmel S, et al. Endocrine therapy alone in patients with intermediate or high-risk luminal early breast cancer 
(0-3 lymph nodes), Recurrence Score <26 and Ki67 response after preoperative endocrine therapy: Primary outcome results from the
WSG-ADAPT HR+/HER2- trial. SABCS 2020, GS4-04.

5. Davey MG, Cleere EF, O'Donnell JP, et al. Value of the 21-gene expression assay in predicting locoregional recurrence rates in 
estrogen receptor-positive breast cancer: a systematic review and network meta-analysis. Breast Cancer Res Treat. 2022 
Jun;193(3):535-544.

EPclin (EndoPredict®)
1. Sestak I, Martín M, Dubsky P et al. Prediction of chemotherapy benefit by EndoPredict in patients with breast cancer who received 

adjuvant endocrine therapy plus chemotherapy or endocrine therapy alone. Breast Cancer Res Treat. 2019 Jul;176(2):377-386.

PAM-50 (Prosigna®)
1. Prat A, Galván P, Jimenez B et al. Prediction of Response to Neoadjuvant Chemotherapy Using Core Needle Biopsy Samples with the 

Prosigna Assay. Clin Cancer Res. 2016 Feb 1;22(3):560-6.
2. Gnant M, Filipits M, Greil R, et al.; Austrian Breast and Colorectal Cancer Study Group.Predicting distant recurrence in receptor-

positive breast cancer patients with limited clinicopathological risk: using the PAM50 Risk of Recurrence score in 1478 
postmenopausal patients of the ABCSG-8 trial treated with adjuvant endocrine therapy alone. Ann Oncol. 2014 Feb;25(2):339-45. 

3. Gnant M, Sestak I, Filipits M, et al. Identifying clinically relevant prognostic subgroups of postmenopausal women with node-positive 
hormone receptor-positive early-stage breast cancer treated with endocrine therapy: a combined analysis of ABCSG-8 and ATAC 
using the PAM50risk of recurrence score and intrinsic subtype. Ann Oncol. 2015 Aug;26(8):1685-91.

4. Ohnstad HO, Borgen E, Falk RS, et al. Prognostic value of PAM50 and risk of recurrence score in patients with early-
stage breast cancer with long-term follow-up. Breast Cancer Res. 2017 Nov 14;19(1):120. 

5. Jensen MB, Lænkholm AV, Nielsen TO et al. The Prosigna gene expression assay and responsiveness to adjuvant cyclophosphamide-
based chemotherapy in premenopausal high-risk patients with breast cancer. Breast Cancer Res. 2018 Jul 27;20(1):79.

6. Asleh K, Lluch A, Goytain A et al. Triple-Negative PAM50 Non-Basal Breast Cancer Subtype Predicts Benefit from 
Extended Adjuvant Capecitabine. Clin Cancer Res. 2023 Jan 17;29(2):389-400. 



Histological type:
1. De Nonneville A, Jauffret C, Goncalves A. Adjuvant chemotherapy in lobular carcinoma of the breast: a clinicopathological score 

identifies high-risk patient with survival benefit Breast Cancer Res Treat. 2019 Jun;175(2):379-387. 

2. Fu R, Yang J, Wang H et al.: A nomogram for determining the disease-specific survival in invasive lobular carcinoma of the breast: A 
population study. Medicine (Baltimore). 2020 Oct 23;99(43):e22807.

TiLs:
1. Cao B, Zhang Z, Wang C, Lv X. Prognostic relevance of tumor-infiltrating lymphocytes in residual tumor tissue from patients with 

triple-negative breast cancer following neoadjuvant chemotherapy: A systematic review and meta-analysis. Oncol Lett. 2023 Aug 
24;26(4):441. doi: 10.3892/ol.2023.14028. PMID: 37664648; PMCID: PMC10472026.

2. Gao G, Wang Z, Qu X, Zhang Z. Prognostic value of tumor-infiltrating lymphocytes in patients with triple-negative breast cancer: a 
systematic review and meta-analysis. BMC Cancer. 2020 Mar 4;20(1):179. doi: 10.1186/s12885-020-6668-z. PMID: 32131780; 
PMCID: PMC7057662.

3. Sun HK, Jiang WL, Zhang SL, Xu PC, Wei LM, Liu JB. Predictive value of tumor-infiltrating lymphocytes for neoadjuvant therapy 
response in triple-negative breast cancer: A systematic review and meta-analysis. World J Clin Oncol. 2024 Jul 24;15(7):920-935. doi: 
10.5306/wjco.v15.i7.920. PMID: 39071463; PMCID: PMC11271722.

Anti-HER2 therapy
see evidence in chapter  “Chemotherapy and targeted therapy”

PARPi
1. Tutt ANJ, Garber JE, Kaufmann B et al. Adjuvant Olaparib for patients with BRCA1- or BRCA2 mutated Breast Cancer. N Engl J Med 

2021:384(25):2394.
2. Garber HR, Litton JR. Integrating poly(ADP-ribose) polymerase inhibitors in the treatment of early breast cancer. Curr Opin Oncol 

2019;31(3):247-255.



1. Sparano JA, Gray RJ, Ravdin PM et al. Clinical and Genomic Risk to Guide the Use of Adjuvant Therapy for Breast Cancer. New 
England Journal of Medicine 2019; 380: 2395-2405.

2. Sparano JA, Gray RJ, Makower DF et al. Adjuvant Chemotherapy Guided by a 21-Gene Expression Assay in Breast Cancer. New 
England Journal of Medicine 2018

3. Kalinsky K, Barlow WE, Gralow JR, et al. 21-Gene Assay to Inform Chemotherapy Benefit in Node-Positive Breast Cancer. N Engl J 
Med. 2021 Dec 16;385(25):2336-2347. 

4. Kalinsky KM, Barlow WE, Gralow JR et al. Abstract GS2-07: Updated results from a phase 3 randomized clinical trial in participants 
(pts) with 1-3 positive lymph nodes (LN), hormone receptor-positive (HR+) and HER2-negative (HER2-) breast cancer (BC) with 
recurrence score (RS) ≤ 25 randomized to endocrine therapy (ET) +/- chemotherapy (CT): SWOG S1007 (RxPONDER). Cancer 
Research 2022; 82: GS2-07-GS02-07.

5. Piccart M, van 't Veer LJ, Poncet C et al. 70-gene signature as an aid for treatment decisions in early breast cancer: updated results of 
the phase 3 randomised MINDACT trial with an exploratory analysis by age. The Lancet Oncology 2021; 22: 476-488.

6. Gluz O, Nitz U, Christgen M et al. Prognostic impact of recurrence score, endocrine response and clinical-pathological factors in high-
risk luminal breast cancer: Results from the WSG-ADAPT HR+/HER2- chemotherapy trial. Journal of Clinical Oncology 2021; 39: 504-
504.

7. Gluz O, Kuemmel S, Nitz U, et al. Nab-paclitaxel weekly versus dose-dense solvent-based paclitaxel followed by dose-dense 
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Results for prospectively evaluated biomarkers (LOE1a) 
in early HR+/HER2- breast cancer

* If CT is refused: alternative ET+OFS
DDFS=distant-disease-free-survival, DRFI= distant recurrence free interval, ET= endocrine treatment, CT= chemotherapy, OFS= ovarian function suppression, RS= Recurrence Score 

biomarker/
signature

Population (HR+/HER2- patients) therapy options

Mammaprint
(MINDACT 
n=2140)

Clinically high/genomic low risk (n=1550)
N0-1, age >50 yrs
N0-1, age <50 yrs (patients with OFS in the ET arm: 26%)

ET, no adjuvant CT
adjuvant CTàET*: 2.6% CT-benefit in 5-y DDFS (93.6 vs. 96.2%)

Oncotype DX 
(TAILORx 
n=6711)

RxPonder 
(n=5018)

TailorX (T1b-T2, N0, 74% clinically low risk, 13% OFS in 
premenopausal women))
N0, RS 0-25 age>50 yrs. 
N0 RS 0-15 age <50 yrs
N0 RS 16-25 age <50 yrs

RxPonder: N1
RS 0-25: postmenopausal 
RS 0-25: premenopausal (patients with OFS in the ET arm: 
19%)

ET, no adjuvant CHT 
ET, no adjuvant CHT 
adjuvant CTàET*: (3.2-3.4% CT-benefit  in 5-y DRFI (93à95-96% 5 y DRFI, in RS 
16-20 if clinical high risk only, 16-20: HR=1.4 (n.s. ), 21-25: HR=2.19 (sign) for ET 
vs. CTàET

ET, no adjuvant CT
(neo)adjuvant CTàET* 2.4% CT benefit in 5-y DRFI (5-y DRFI 93.9 vs. 96.3%, 
HR=0.062, p=0.02)
explorative analysis: no effect of CT age 50 and older (p interaction 0.06) 

RS + KI-67post 
(ADAPT, n=2290 
endocrine 
treated)

clinically intermediate/high risk , RS 0-25 (RS 12, 
25+Ki67post<10% ) 
N0-1, age>50 yrs
N0, RS 0-11 and age <50 yrs
N0, RS 12-25 with Ki67post<10% and age <50 yrs

N1: RS 0-25 (+ Ki-67post <10% in RS 12-25) and age <50 yrs
N1: RS 0-25 and ki-67post>10%

ET, no adjuvant CT
adjuvant ET, no adjuvant CT
adjuvant ET+/- OFS, if RS >16 or clinically high risk +/- CT: 5-yr-DDFS: 97% with ET 
alone, no significant difference between RS 0-15 and 16-25
adjuvant ET+OFS or CTàET  5-yrs. DDFS 97% with ET alone
(neo)adjuvant CTàET



epirubicin plus cyclophosphamide in high-risk HR+/HER2- early breast cancer: results from the neoadjuvant part of the WSG-ADAPT-
HR+/HER2- trial. Ann Oncol. 2023 Jun;34(6):531-542. 

8. Nitz UA, Gluz O, Kummel S et al. Endocrine Therapy Response and 21-Gene Expression Assay for Therapy Guidance in HR+/HER2-
Early Breast Cancer. J Clin Oncol 2022; 40: 2557-2567.
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General evidence
1. von Minckwitz G, Eidtmann H, Rezai M, et al. Neoadjuvant chemotherapy and bevacizumab for HER2-negative breast cancer. N Engl J 

Med 2012;366: 299-309.
2. von Minckwitz G, Untch M, Blohmer JU, et al. Definition and impact of pathologic complete response on prognosis after neoadjuvant 

chemotherapy in various intrinsic breast cancer subtypes. J Clin Oncol 2012;30: 1796-804.
3. Gerber B, Loibl S, Eidtmann H, et al. Neoadjuvant bevacizumab and anthracycline-taxane-based chemotherapy in 678 triple-negative 

primary breast cancers; results from the geparquinto study (GBG 44). Ann Oncol 2013;24: 2978-84.
4. Cortazar P, Zhang L, Untch M, et al. Pathological complete response and long-term clinical benefit in breast cancer: the CTNeoBC

pooled analysis. Lancet 2014;384: 164-72.
5. van Mackelenbergh MT, Denkert C, Nekljudova V, et al. Outcome after neoadjuvant chemotherapy in estrogen receptor-positive and 

progesterone receptor-negative breast cancer patients: a pooled analysis of individual patient data from ten prospectively randomized 
controlled neoadjuvant trials. Breast Cancer Res Treat. 2018 Jan;167(1):59-71.

6. van Mackelenbergh MT, Loibl S, Untch M, et al. Pathologic Complete Response and Individual Patient Prognosis After Neoadjuvant 
Chemotherapy Plus Anti-Human Epidermal Growth Factor Receptor 2 Therapy of Human Epidermal Growth Factor Receptor 2-Positive 
Early Breast Cancer. J Clin Oncol. 2023 Jun 1;41(16):2998-3008.
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Factor pCR* 
Probability

LoE GR AGO

§ Young age ­ 1a A +
§ Obesity ¯ 2a B +
§ cT1 / cT2 tumors o. N0 o. G3 ­­ 1a A ++
§ Negative hormone receptor status ­­ 1a A ++
§ Triple negative breast cancer ­­ 1a A ++
§ Positive HER2-status ­­ 1a A ++
§ Early clinical response ­ 1b A +
§ Lobular tumor type ¯ 1a A +
§ Metaplastic tumor type ¯¯ 4 C +

Oxford

* High (­) or very high (­­) probability to reach pCR, low (¯) or very low (¯¯) probability to reach pCR

Neoadjuvant Systemic Chemotherapy  (NACT) 
Predictive Factors for pCR I



Body mass index
1. Wang H, Zhang S, Yee D, et al. Impact of body mass index on pathological complete response following neoadjuvant chemotherapy 

in operable breast cancer: a meta analysis. Breast Cancer 2021;28(3):616-629

Lobular cancer
1. Loibl S, Volz C, Mau C, et al. Response and prognosis after neoadjuvant chemotherapy in 1,051 patients with infiltrating lobular breast 

carcinoma. Breast Cancer Res Treat 2014;144: 153-62.

Metaplastic breast cancer
1. McMullen ER, Zoumberos NA, Kleer CG. Metaplastic Breast Carcinoma: Update on Histopathology and Molecular Alterations. Arch 

Pathol Lab Med. 2019 Dec;143(12):1492-1496.
2. Tzanninis IG, Kotteas EA, Ntanasis-Stathopoulos I et al. Management and Outcomes in Metaplastic Breast Cancer. Clin Breast Cancer. 

2016 Dec;16(6):437-443.
3. Al-Hilli Z, Choong G, Keeney MG, et al. Metaplastic breast cancer has a poor response to neoadjuvant systemic therapy. Breast Cancer 

Res Treat. 2019;176(3):709–716. 
4. Balasubramanian A, Iyer P, Ranganathan R, Murhekar K, et al. Metaplastic carcinoma of the breast: real-world outcome from a 

tertiary cancer centre in India. Ecancermedicalscience. 2022 Jul 14;16:1429.
5. Haque W, Verma V, Schwartz MR, et al. Neoadjuvant Chemotherapy for Metaplastic Breast Cancer: Response Rates, Management, 

and Outcomes. Clin Breast Cancer. 2022 Jul;22(5):e691-e699.
6. Yam C, Abuhadra N, Sun R, et al. Molecular Characterization and Prospective Evaluation of Pathologic Response and Outcomes with 

Neoadjuvant Therapy in Metaplastic Triple-Negative Breast Cancer. Clin Cancer Res. 2022 Jul 1;28(13):2878-2889. 



TIL

1. Denkert, C., Loibl, S., Noske, A., et al. Tumor-associated lymphocytes as an independent predictor of response to neoadjuvant 
chemotherapy in breast cancer. 2010. J. Clin. Oncol. 28, 105–113. doi:10.1200/JCO.2009.23.7370.

2. Denkert C, von Minckwitz G, Brase JC, et al. Tumor-Infiltrating Lymphocytes and Response to Neoadjuvant Chemotherapy With or 
Without Carboplatin in Human Epidermal Growth Factor Receptor 2-Positive and Triple-Negative Primary Breast Cancers. J Clin Oncol. 
2014 Dec 22. pii: JCO.2014.58.1967.

3. Ibrahim EM, Al-Foheidi ME, Al-Mansour MM, et al. The prognostic value of tumor-infiltrating lymphocytes in triple-negative breast 
cancer: a meta-analysis. Breast Cancer Res Treat. 2014 Dec;148(3):467-76

4. Loi S, Michiels S, Salgado R, et al. Tumor infiltrating lymphocytes are prognostic in triple negative breast cancer and predictive for 
trastuzumab benefit in early breast cancer: results from the FinHER trial. Ann Oncol. 2014 Aug;25(8):1544-50. Doi

5. Mao Y, Qu Q, Zhang Y, et al. The Value of Tumor Infiltrating Lymphocytes (TILs) for Predicting Response to Neoadjuvant Chemotherapy 
in Breast Cancer: A Systematic Review and Meta-Analysis. PLoS One. 2014 Dec 12;9(12)

6. Tung NM, Winer EP. Tumor-Infiltrating Lymphocytes and Response to Platinum in Triple-Negative Breast Cancer. J Clin Oncol. 2015 Jan 
5. pii: JCO.2014.59.6031.
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Neoadjuvant Systemic Chemotherapy  (NACT) 
Predictive Factors for pCR II

Oxford

Factor pCR*
Probability

LoE GR AGO

§ Gene expression profiles (gene signatures) 
(Mammaprint®(+ Blueprint®), Endopredict®  Oncotype 
DX®, Prosigna®, PAM50Ⓡ, Breast Cancer IndexSM)

­ 2b B +/-

§ HER2DX (27 genes, response to trastuzumab/pertuzumab ­ 2b B +/-

§ Ki-67 ­ 2b B +
§ Tumor infiltrating lymphocytes** ­ 1a A +
§ PIK3CA mutation (for HER2-positive BC) ¯ 2a B +/-
§ gBRCA-mutation (for the effect of chemotherapy) ­ 2b B +
§ gBRCA-mutation (for the effect of platinum) ↔ 2b B +/-
§ PD-L1 expression (TNBC) ­ 1b A +/-

** Defined as dense lymphocytic infiltration of inner peritumoral stroma outside of the invasion front (lymphocytes make up 
> 50% of  stroma area)

* High (­) or very high (­­) probabililty of pCR, low (¯) or very low (¯¯) probabililty of pCR



7. Denkert C, von Minckwitz G, Darb—Esfahani S et al. Tumour-infiltrating lymphocytes and prognosis in different subtypes of breast 
cancer: a pooled analysis of 3771 patients treated with neoadjuvanttherapy. Lancet Oncol 2018;19(1):40-50. 

8. Cao B, Zhang Z, Wang C, Lv X. Prognostic relevance of tumor-infiltrating lymphocytes in residual tumor tissue from patients with 
triple-negative breast cancer following neoadjuvant chemotherapy: A systematic review and meta-analysis. Oncol Lett. 2023 Aug 
24;26(4):441. doi: 10.3892/ol.2023.14028. PMID: 37664648; PMCID: PMC10472026.

9. Gao G, Wang Z, Qu X, Zhang Z. Prognostic value of tumor-infiltrating lymphocytes in patients with triple-negative breast cancer: a 
systematic review and meta-analysis. BMC Cancer. 2020 Mar 4;20(1):179. doi: 10.1186/s12885-020-6668-z. PMID: 32131780; 
PMCID: PMC7057662.

10. Sun HK, Jiang WL, Zhang SL, Xu PC, Wei LM, Liu JB. Predictive value of tumor-infiltrating lymphocytes for neoadjuvant therapy 
response in triple-negative breast cancer: A systematic review and meta-analysis. World J Clin Oncol. 2024 Jul 24;15(7):920-935. doi: 
10.5306/wjco.v15.i7.920. PMID: 39071463; PMCID: PMC11271722.

PIK3CA

1. Loibl S, von Minckwitz G, Schneeweiss A, et al. PIK3CA mutations are associated with lower rates of pathologic complete response to 
anti-human epidermal growth factor receptor 2 (her2) therapy in primary HER2-overexpressing breast cancer. J Clin Oncol. 2014 Oct  

2. Nuciforo PG, Aura C, Holmes E, et al: Benefit to neoadjuvant anti–Human Epidermal Growth Factor Receptor 2 (HER2)-targeted 
therapies in HER2-positive primary breast cancer is independent of Phosphatase and tensin homolog deleted from chromosome 10 
(PTEN) status. Ann Oncol. 2015 Jul;26(7):1494-500.

3. Pogue-Geile KL, Song N, Jeong JH, et al: Intrinsic Subtypes, PIK3CA Mutation, and the Degree of Benefit From Adjuvant Trastuzumab 
in the NSABP B-31 Trial. Clin Oncol. 2015 Jan 5. pii: JCO.2014.56.2439

4. Sueta A, Yamamoto Y, Yamamoto-Ibusuki M, et al. An Integrative Analysis of PIK3CA Mutation, PTEN, and INPP4B Expression in Terms 
of Trastuzumab Efficacy in HER2-Positive Breast Cancer. PLoS One. 2014 Dec 26;9(12):e116054.

5. Loibl S, Majewski I, Guarneri V, et al. PIK3CA mutations are associated with reduced pathological complete response rates in primary 
HER2-positive breast cancer: pooled analysis of 967 patients from five prospective trials investigating lapatinib and trastuzumab. Ann 
Oncol. 2016 Aug;27(8):1519-25.



6. Loibl S, Majewski I, Guarneri V, et al. PIK3CA mutations are associated with reduced pathological complete response rates in primary 
HER2-positive breast cancer: pooled analysis of 967 patients from five prospective trials investigating lapatinib and trastuzumab. Ann 
Oncol. 2019; 30(7):1180.

7. Fan H, Li C, Xiang Q, et al. PIK3CA mutations and their response to neoadjuvant treatment in early breast cancer: A systematic review 
and meta-analysis. Thorac Cancer. 2018 May;9(5):571-579. 

8. Zardavas D, Te Marvelde L, Milne RL, et al. Tumor PIK3CA Genotype and Prognosis in Early-Stage Breast Cancer: A Pooled Analysis of 
Individual Patient Data. J Clin Oncol. 2018 Apr 1;36(10):981-990. 

gBRCA bei TNBC

1. Loibl S, Weber KE, Timms KM et al. Survival analysis of carboplatin added to an anthracycline/taxane-based neoadjuvant 
chemotherapy and HRD score as predictor of response-final results from GeparSixto. Ann Oncol. 2018 Dec 1;29(12):2341-2347.

PAM50 neoadjuvant:

1. Ohara AM, Naoi Y, Shimazu K, et al. PAM50 for prediction of response to neoadjuvant chemotherapy for ER-positive breast cancer. 
Breast Cancer Res Treat. 2019 Feb;173(3):533-543.

2. Pascual T, Fernandez-Martinez A, Tanioka M, et al. Independent Validation of the PAM50-Based Chemo-Endocrine Score (CES) in 
Hormone Receptor-Positive HER2-Positive Breast Cancer Treated with Neoadjuvant Anti-HER2-Based Therapy. Clin Cancer Res. 
2021 Jun 1;27(11):3116-3125. 

3. Díaz-Redondo T, Lavado-Valenzuela R, Jimenez B, et al. Different Pathological Complete Response Rates According 
to PAM50 Subtype in HER2+ Breast Cancer Patients Treated With NeoadjuvantPertuzumab/Trastuzumab vs. Trastuzumab Plus 
Standard Chemotherapy: An Analysis of Real-World Data. Front Oncol. 2019 Nov 5;9:1178. 

4. Gluz O, Kolberg-Liedtke C, Prat A, et al. Efficacy of deescalated chemotherapy according to PAM50 subtypes, immune and 
proliferation genes in triple-negative early breast cancer: Primary translational analysis of the WSG-ADAPT-TN trial. Int J Cancer. 
2020 Jan 1;146(1):262-271. 

Blueprint:



1. Beitsch P, Whitworth P, Baron P, et al. Pertuzumab/Trastuzumab/CT Versus Trastuzumab/CT Therapy for HER2+ Breast Cancer: 
Results from the Prospective Neoadjuvant Breast Registry Symphony Trial (NBRST). Ann Surg Oncol. 2017 Sep;24(9):2539-2546.

2. Whitworth P, Stork-Sloots L, de Snoo FA, et al. Chemosensitivity predicted by BluePrint 80-gene functional subtype and 
MammaPrint in the Prospective Neoadjuvant Breast Registry Symphony Trial (NBRST). Ann Surg Oncol. 2014 Oct;21(10):3261-7.

3. Whitworth P, Beitsch PD, Pellicane JV et al. ; NBRST Investigators Group.Age-Independent Preoperative Chemosensitivity and 5-
Year Outcome Determined by Combined 70- and 80-Gene Signature in a Prospective Trial in Early-Stage Breast Cancer. Ann Surg 
Oncol. 2022 Apr 4;29(7):4141-52. 

4. Pellicane JV, Beitsch PD, Rock DT, et al. ; NBRST Investigators Group.Combined 70- and 80-gene signatures identify tumors with 
genomically luminal biology responsive to neoadjuvant endocrine therapy and are prognostic of 5-year outcome in early-
stage breast cancer. Surg Oncol. 2022 Dec;45:101885.

5. Liefaard MC, van der Voort A, van Ramshorst MS, et al. BluePrint molecular subtypes predict response to neoadjuvant pertuzumab
in HER2-positive breast cancer. Breast Cancer Res. 2023 Jun 19;25(1):71. 

6. Göker E, Hendriks MP, van Tilburg M et al.; of the NBREaST II Investigators Group. Treatment response and 5-year distant 
metastasis-free survival outcome in breastcancer patients after the use of MammaPrint and BluePrint to guide preoperative 
systemic treatment decisions. Eur J Cancer. 2022 May;167:92-102. 

HER2DX:
1. Guarneri V, Bras-Maristany F, Dieci MV, et al. HER2DX genomic test in HER2-positive/hormone receptor-

positive breast cancertreated with neoadjuvant trastuzumab and pertuzumab: A correlative analysis from the PerELISA trial. 
EBioMedicine. 2022 Nov;85:104320. 

2. Prat A, Guarneri V, Paré L, et al. A multivariable prognostic score to guide systemic therapy in early-stage HER2-
positive breast cancer: a retrospective study with an external evaluation. Lancet Oncol. 2020 Nov;21(11):1455-1464. 

3. Villacampa G, Tung NM, Pernas S, et al. Association of HER2DX with pathological complete response and survival outcomes in 
HER2-positive breast cancer. Ann Oncol. 2023 Sep;34(9):783-795.

PD-L1 Expression (TNBC):
1. Cerbelli B, Pernazza A, Botticelli A, et al.  PD-L1 Expression in TNBC: A Predictive Biomarker of Response to Neoadjuvant 

Chemotherapy? Biomed Res Int. 2017;2017:1750925. doi: 10.1155/2017/1750925. Epub 2017 Dec 14. PMID: 29387716; PMCID: 



PMC5745649.
2. Asano Y, Kashiwagi S, Goto W,  et al. Prediction of treatment responses to neoadjuvant chemotherapy in triple-negative breast 

cancer by analysis of immune checkpoint protein expression. J Transl Med. 2018 Apr 4;16(1):87. doi: 10.1186/s12967-018-1458-y. 
PMID: 29615063; PMCID: PMC5883348.

3. Azim HA, Shohdy KS, Elghazawy H,  et al.. Programmed death-ligand 1 (PD-L1) expression predicts response to neoadjuvant 
chemotherapy in triple-negative breast cancer: a systematic review and meta-analysis. Biomarkers. 2022 Dec;27(8):764-772. doi: 
10.1080/1354750X.2022.2112614. Epub 2022 Aug 22. PMID: 35980714.



 Prognosis CTCs:
1. Bidard FC, Peeters DJ, Fehm T, et al. 2014. Clinical validity of circulating tumour cells in patients with metastatic breast cancer: a 

pooled analysis of individual patient data. Lancet Oncol. 2014 Apr;15(4):406-14.
2. Cristofanilli, M., Budd, G.T., Ellis, M.J., et al. 2004. Circulating tumor cells, disease progression, and survival in metastatic breast 

cancer. N. Engl. J. Med. 351, 781–791. doi:10.1056/NEJMoa040766.
3. Cristofanilli, M., Hayes, D.F., Budd, G.T.et al 2005. Circulating tumor cells: a novel prognostic factor for newly diagnosed metastatic 

breast cancer. J. Clin. Oncol. 23, 1420–1430. doi:10.1200/JCO.2005.08.140
4. Giuliano, M., Giordano, A., Jackson, S., et al. 2011. Circulating tumor cells as prognostic and predictive markers in metastatic breast 

cancer patients receiving first-line systemic treatment. Breast Cancer Res. 13, R67. doi:10.1186/bcr2907.

Prognosis ct-DNA:
1. Reichert ZR, Morgan TM, Li G, et al., Prognostic value of plasma circulating tumor DNA fraction across four common cancer types: a 

real-world outcomes study. Ann Oncol, 2023. 34(1): p. 111-120.
2. Cheng J, Holland-Letz T, Wallwiener M, et al. Circulating free DNA integrity and concentration as independent prognostic markers in 

metastatic breast cancer. Breast Cancer Res Treat. 2018 May;169(1):69-82. 
3. Yang J, Cheng L, Zhang J, et al. Predictive value of circulating cell-free DNA in the survival of breast cancer patients: A systemic review 
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Metastatic breast cancer (M1) – 
CTCs / ct-DNA Prognosis and prediction

Prognosis LoE GR AGO

§ Circulating tumor cells (CTC, Cell Search®) 1a A +

§ ct-DNA 1a A +

Early therapy response (after 2-3 weeks of treatment)

§ CTCs 1a A +

§ ct-DNA 2a B +

Therapy decisions based on 

§ Dynamics of CTC numbers 1b A -*

§ Phenotype of CTCs 2b B -/+*

§ ct-DNA-dynamics 5 D -*

§ ESR1-monitoring 2b B +/-*

§ Using ct-DNA to indicate approved mutation based treatments (e.g. ESR1, 
PIK3CA)

1a A ++**

Oxford

*Study participation recommended; **Note the approval text!



and meta-analysis. Medicine (Baltimore). 2018 Jul 97(28):e11417. 
4. Fernandez-Garcia D, Hills A, Page K, Hastings RK, Toghill B, Goddard KS, . Plasma cell-free DNA (cfDNA) as a predictive and prognostic 

marker in patients with metastatic breast cancer. Breast Cancer Res. 2019;21(1):149.
5. Dickinson K, Sharma A, Agnihotram RV, Altuntur S, Park M, Meterissian S, Burnier JV. Circulating Tumor DNA and Survival in 

Metastatic Breast Cancer: A Systematic Review and Meta-Analysis. JAMA Netw Open. 2024 Sep 3;7(9):e2431722. doi: 
10.1001/jamanetworkopen.2024.31722. PMID: 39235812; PMCID: PMC11378006.

Early therapy response - CTCs
1. Smerage JB, Barlow WE, Hortobagyi GN, et al. 2014. Circulating tumor cells and response to chemotherapy in metastatic breast 
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Treatment of Metastatic Breast Cancer
Markers to determine treatment indications

Oxford

Therapy Factor LoE GR AGO
§ Endocrine therapy ER / PR (prim. tumor, better: metastasis) 1a A ++

Response to prior therapy 2b B ++

§ Elacestrant Autocrine receptor mutation (ESR1) (metastases, 
plasma)

1b B ++

§ Alpelisib / Inavolisib PIK3CA mutation (prim. tumor, metastases, 
plasma)

1b A ++

§ Capivasertib PIK3CA, AKT1, PTEN alterations (primary tumor, 
metastases, plasma)

1b A +

§ Trastuzumab Deruxtecan HER2-low/-pos. (prim. tumor, better: metastasis)
HER2-ultralow (prim. tumor, better: metastasis)

1b
2b

A
B

++
+/-

§ Chemotherapy Response to prior therapy 1b A ++
§ Anti-HER2-therapy HER2 (prim. tumor, better: metastasis) 1a A ++
§ Checkpoint-Inhibitors PD-L1 positivity# (IC, CPS) in TNBC 

(primary tumor or metastasis) 1b B ++

MSI/TMB 3 C +
§ PARP-Inhibitors gBRCA1/2-mutation

sBRCA1/2/gPALB2
1a
2b

A
B

++
+
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Mutation Diagnostics* in mBC:
„Precision Medicine“ for Targeted Therapies

Altered genes Therapeutic relevance Gene region Material Oxford

LOE GR AGO
BRCA1, BRCA2 Olaparib, Talazoparib

Olaparib  
All exons Germline: Blood cells 

Somatic: Tissue
1b
2b

A
B

++
+

PALB2 Olaparib Germline: Blood cells 2b B +

PIK3CA Alpelisib / Inavolisib Exons 7, 9 and 20 Primary tumor, 
metastases, plasma

1b A ++

AKT1, PTEN, 
PIK3CA

Capivasertib Primary tumor, 
metastases, plasma

1b A +

HER2-mutation 
(independent of 
HER2-status)

Neratinib, 
lapatinib

Kinase- and extracellular 
domains; S310, L755, 
V777, Y772_A775dup 

Primary tumor, 
metastases, plasma
particul. lobular BC

4 C +/-

ESR1 Resistance against AI
Response to Elacestrant

Exons 4, 7 and 8 Metastases, plasma
Metastases, plasma

2b
1b

B
B

+
++

NTRK gene fusion Larotrectinib, entrectinib Fusion- and splice 
variants

Tumor tissue, particul. 
secretory breast cancer

2a B +

MSI Pembrolizumab Microsatellite-instability Tissue 2a B +

* Ideally panel diagnostics # see chapter „pathology“
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ESCAT 
evidence tier

Clinical value class Clinical implication

Ready for routine use I: alteration-drug match is associated 
with improved outcome in clinical 
trials

Drug administered to patients with the specific 
molecular alteration has led to improved clinical 
outcome in prospective clinical trial(s)

Access to the treatment should be 
considered standard of care

Investigational II: alteration-drug match is associated 
with antitumour activity, but 
magnitude of benefit is unknown

Drug administered to a molecularly defined patient 
population is likely to result in clinical benefit in a 
given tumour type, but additional data are needed

Treatment to be considered 
‘preferable’ in the context of evidence 
collection either as a prospective 
registry or as a prospective clinical 
trial

Hypothetical target III: alteration-drug match suspected 
to improve outcome based on clinical 
trial data in other tumour type(s) or 
with similar molecular alteration

Drug previously shown to benefit the molecularly 
defined subset in another tumour type (or with a 
different mutation in the same gene), efficacy 
therefore is anticipated for but not proved

Clinical trials to be discussed with 
patients

IV: pre-clinical evidence of 
actionability

Actionability is predicted based on preclinical 
studies, no conclusive clinical data available

Treatment should ‘only be considered’ 
in the context of early clinical trials. 
Lack of clinical data should be stressed 
to patients

Combination 
development

V: alteration-drug match is associated 
with objective response, but without 
clinically meaningful benefit

Drug is active but does not prolong PFS or OS, 
probably in part due to mechanisms of adaptation

Clinical trials assessing drug 
combination strategies could be 
considered

X: lack of evidence for actionability There is no evidence, clinical or preclinical, that a 
genomic alteration is a potential therapeutic target

The finding should not be taken into 
account for clinical decision

A framework to rank genomic alterations as targets for cancer precision 
medicine: the ESMO Scale for Clinical Actionability of molecular Targets 
(ESCAT)


