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Definition

1.

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.

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.
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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“Low absolute risk implies
low absolute benefit”
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Early Breast Cancer Trialists' Collaborative Group (EBCTCG), Lancet 379: 432-444, 2012

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

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.

Nielsen T, Jensen B, et al High risk premenopausal luminal A breast cancer patients derive no benefit from adjuvant chemotherapy:
results from DBCG77B, SABCS 201551-08
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Guidelines Breast
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= 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

www.ago-online.de

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.

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.

Jeremy Howick, lain 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.

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

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.

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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sowie Factor LoEoxzo01 GR AGO
in der DKG e.V.
Guidolns Breas Tumor size - pT 1a A ++
ersion 2523 Axillary lymph node status - pN 1la A ++
Histological tumor type (mucinous, tubular etc.) 2b B ++
Grade (Elston & Ellis) - G 2a B ++
Age 2a B ++
Histologically proven peritumoral lymphatic vessel 1b B ++
and vascular invasion (L1 V1)
pCR after NACT* in (luminal-B-like, HER2+, TN) 1a A ++
= Increased risk of recurrence in invasive- 2a B +/-
lobular BC, cT3/4, N+
: 2
www.ago-online.de ObESIty (BMI >30 kg/m ) 1b B +
Margins (resection status) - RO / R1 1a A +

* NACT = Neoadjuvant Chemotherapy

General references

1. Balic M, Thomssen C, Wirstlein R et al. St. Gallen/Vienna 2019: A Brief Summary of the Consensus Discussion on the Optimal Primary
Breast Cancer Treatment. Breast Care (Basel). 2019 Apr;14(2):103-110.

2. Harris LN, Ismaila N, McShane LM et al.: Use of Biomarkers to Guide Decisions on Adjuvant Systemic Therapy for Women With Early-
Stage Invasive Breast Cancer: American Society of Clinical Oncology Clinical Practice Guideline. J Clin Oncol. 2016 Apr 1;34(10):1134-
50.

Tumor size

1. Coates AS, Winer EP, Goldhirsch A, et al. Tailoring therapies--improving the management of early breast cancer: St Gallen
International Expert Consensus on the Primary Therapy of Early Breast Cancer 2015. Ann Oncol. 2015 Aug;26(8):1533-46.

2. Balic M, Thomssen C, Wiirstlein R et al. St. Gallen/Vienna 2019: A Brief Summary of the Consensus Discussion on the Optimal Primary
Breast Cancer Treatment. Breast Care (Basel). 2019 Apr;14(2):103-110.

Lymph node status
1. Coates AS, Winer EP, Goldhirsch A, et al. Tailoring therapies--improving the management of early breast cancer: St Gallen
International Expert Consensus on the Primary Therapy of Early Breast Cancer 2015. Ann Oncol. 2015 Aug;26(8):1533-46.




2.

Balic M, Thomssen C, Wirstlein R et al. St. Gallen/Vienna 2019: A Brief Summary of the Consensus Discussion on the Optimal
Primary Breast Cancer Treatment. Breast Care (Basel). 2019 Apr;14(2):103-110.

Histological type (mucinous, tubular etc.)

1.

Dieci MV, Orvieto E, Dominici M. Rare breast cancer subtypes: histological, molecular, and clinical peculiarities. Oncologist. 2014
Aug;19(8):805-13.

Horlings HM, Weigelt B, Anderson EM et al. Genomic profiling of histological special types of breast cancer. Breast Cancer Res Treat.
2013 Nov;142(2):257-69.

Weigelt B, Geyer FC, Reis-Filho JS. Histological types of breast cancer: how special are they? Mol Oncol. 2010 Jun;4(3):192-208.
Mouabbi JA, Hassan A, Lim B, Hortobagyi GN et al. Invasive lobular carcinoma: an understudied emergent subtype of breast cancer.
Breast Cancer Res Treat. 2022 Jun;193(2):253-264. doi: 10.1007/s10549-022-06572-w. Epub 2022 Mar 26. PMID: 35347549.

Tumor grade (Elston & Ellis)

1.

Balic M, Thomssen C, Wiirstlein R et al. St. Gallen/Vienna 2019: A Brief Summary of the Consensus Discussion on the Optimal
Primary Breast Cancer Treatment. Breast Care (Basel). 2019 Apr;14(2):103-110.

Coates AS, Winer EP, Goldhirsch A, et al. Tailoring therapies--improving the management of early breast cancer: St Gallen
International Expert Consensus on the Primary Therapy of Early Breast Cancer 2015. Ann Oncol. 2015 Aug;26(8):1533-46.
Rakha EA, Aleskandarani M, Toss MS et al. Breast cancer histologic grading using digital microscopy: concordance and outcome
association. J Clin Pathol. 2018 Aug;71(8):680-686.

Age

=

Brandt J, Garne JP, Tengrup | et al. Age at diagnosis in relation to survival following breast cancer: a cohort study. World J Surg Oncol.
2015 Feb 7;13:33.

Johnson HM, Irish W, Muzaffar M et al. Quantifying the relationship between age at diagnosis and breast cancer-specific mortality.
Breast Cancer Res Treat. 2019 Oct;177(3):713-722

Liu YR, Jiang YZ, Yu KD et al. Different patterns in the prognostic value of age for breast cancer-specific mortality depending on
hormone receptor status: a SEER population-based analysis. Ann Surg Oncol. 2015 Apr;22(4):1102-10.

Histologically proven lymph and/or blood vessel invasion




1.

Ryu YJ, Kang SJ, Cho JS et al. Lymphovascular invasion can be better than pathologic complete response to predict prognosis in breast
cancer treated with neoadjuvant chemotherapy. Medicine (Baltimore). 2018 Jul;97(30):e11647

pCR after NACT* in Luminal B-like, HER2 and TN Breast Cancer

1.

Cortazar P, Geyer CE Jr. Pathological complete response in neoadjuvant treatment of breast cancer. Ann Surg Oncol. 2015
May;22(5):1441-6.

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 Jul 12;384(9938):164-72.

Nekljudova V, Loibl S, von Minckwitz G et al. Trial-level prediction of long-term outcome based on pathologic complete response
(pCR) after neoadjuvant chemotherapy for early-stage breast cancer (EBC). Contemp Clin Trials. 2018 Aug;71:194-198.

Increased risk of recurrence in invasive-lobular BC, cT3/4, N+

1.

Thomas M, Kelly ED, Abraham J et al. Invasive lobular breast cancer: A review of pathogenesis, diagnosis, management, and future
directions of early stage disease. Semin Oncol. 2019 Apr;46(2):121-132.

Van Baelen K, Geukens T, Maetens M et al. Current and future diagnostic and treatment strategies for patients with invasive lobular
breast cancer. Ann Oncol. 2022 Aug;33(8):769-785. doi: 10.1016/j.annonc.2022.05.006. Epub 2022 May 21. Erratum in: Ann Oncol.
2022 Dec 16;: PMID: 35605746.

Obesity (BMI > 30 kg/m?)

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.

Houssami, N., et al., The association of surgical margins and local recurrence in women with early-stage invasive breast cancer
treated with breast-conserving therapy: a meta-analysis. Ann Surg Oncol, 2014. 21(3): p. 717-30.

Resection status (RO / R1)

1.

Harris LN, Ismaila N, McShane LM et al.: Use of Biomarkers to Guide Decisions on Adjuvant Systemic Therapy for Women With Early-
Stage Invasive Breast Cancer: American Society of Clinical Oncology Clinical Practice Guideline. J Clin Oncol. 2016 Apr 1;34(10):1134-
50.

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.
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Guidelines Breast " ER / PR 1a A ++
Yemena0n e = HER2 (IHC, ISH) 1a A ++
= ER/ PR/ HER2/ Ki-67 to assess the 2b B ++
intrinsic type with regards to tumor
histology and biology
= Proliferation markers
= Ki-67 before, during, or after treatment 1a B
= Ki-67 Re-Evaluation after short term 1a B
preoperative endocrine therapy (2-4
weeks) (ypT and ypN)*

www.ago-online.de

* Biomarker and Multi Gene Expression test should be evaluated on core needle biopsy prior endocrine therapy

ER/PR

1. Allison KH, Hammond MEH, Dowsett M et al. Estrogen and Progesterone Receptor Testing in Breast Cancer: ASCO/CAP Guideline
Update. J Clin Oncol. 2020 Jan 13:JC01902309 (und: Arch Pathol Lab Med. 2020 Jan 13).

2. Jorns JM. Breast Cancer Biomarkers: Challenges in Routine Estrogen Receptor, Progesterone Receptor, and HER2/neu Evaluation. Arch
Pathol Lab Med. 2019 Dec;143(12):1444-1449.

HER2

1. Ross, J.S., Slodkowska, E.A., Symmans, W.F,, et al. 2009. The HER-2 receptor and breast cancer: ten years of targeted anti-HER-2
therapy and personalized medicine. Oncologist 14, 320-368.

2. Slamon, D.J., Clark, G.M., Wong, S.G. et al. 1987. Human breast cancer: correlation of relapse and survival with amplification of the
HER-2/neu oncogene. Science 235, 177-182.

3. Wolff AC, Hammond ME, Hicks DG, et al.: Recommendations for human epidermal growth factor receptor 2 testing in breast cancer:
American Society of Clinical Oncology/College of American Pathologists clinical practice guideline update. J Clin Oncol 2013,
31(31):3997-4013.

Ki-67



Denkert C, Budczies J, Regan MM, et al. Clinical and analytical validation of Ki-67 in 9069 patients from IBCSG VIII + IX, BIG1-98 and
GeparTrio trial: systematic modulation of interobserver variance in a comprehensive in silico ring trial. Breast Cancer Res Treat. 2019
Aug;176(3):557-568. doi: 10.1007/s10549-018-05112-9. Epub 2019 May 7. PMID: 31065870.

Dowsett M, Ellis MJ, Dixon JM, et al. Evidence-based guidelines for managing patients with primary ER+ HER2- breast cancer deferred
from surgery due to the COVID-19 pandemic. Breast Cancer. 2020 Jun 8;6:21.

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

Nielsen TO, Leung SCY, Rimm DL, et al. Assessment of Ki67 in Breast Cancer: Updated recommendations from the International Ki67
in Breast Cancer Working Group. J Natl Cancer Inst. 2020 Dec 28:djaa201.

Nitz U, Gluz O, Huober J et al. Final analysis of the prospective WSG-AGO EC-Doc versus FEC phase Il trial in intermediate-risk (pN1)
early breast cancer: efficacy and predictive value of Ki67 expression. Ann Oncol. 2017 Nov 1;28(11):2899.

Petrelli, F., et al., Prognostic value of different cut-off levels of Ki-67 in breast cancer: a systematic review and meta-analysis of 64,196
patients. Breast Cancer Res Treat, 2015. 153(3): p. 477-91.

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

Post-treatment Ki-67

1.

2.

Dowsett M, Smith IE, Ebbs SR, et al: Prognostic Value of Ki67 Expression After Short-Term Presurgical Endocrine Therapy for Primary
Breast Cancer. Journal of the National Cancer Institute 99:167-170, 2007

DeCensi A, Guerrieri-Gonzaga A, Gandini S, et al: Prognostic significance of Ki-67 labeling index after short-term presurgical
tamoxifen in women with ER-positive breast cancer. Annals Oncol 2011 Mar;22(3):582-7.

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
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©AGOe. V. . .
in der DGGG e.V. = ER/ PR: concordance central vs local is high (97%; Plan B, SABCS 2014)

i dor DKG e = Grade: concordance central vs local is 68% (PlanB, JCO 2016)
ugeinesoeast | = HER2: frequency of false-positive test results 6% (ASCO /CAP JCO 2013)
Impact of routine pathologic review in NO BC: 20% changes: grade 40%, LVI 26%, N
15%, margin 12% (JCO 2012)
pNO from MIRROR study: pNO 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)

www.ago-online.de = Standardized methodology improves analytical validity (JNCI 2020)

Dowsett M, Nielsen TO, A'Hern R, et al: Assessment of Ki67 in breast cancer: recommendations from the International Ki67 in Breast
Cancer working group. J Natl Cancer Inst 2011, 103(22):1656-1664.

Gluz O, Nitz UA, Christgen M, et al. West German Study Group Phase Ill 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.

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.

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.

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.

Kennecke, H.F.,, Speers, C.H., Ennis, C.A., et al. 2012. Impact of routine pathology review on treatment for node-negative breast
cancer. J. Clin. Oncol. 30, 2227-2231.

Wolff AC, Hammond ME, Hicks DG, et al.: Recommendations for human epidermal growth factor receptor 2 testing in breast cancer:



American Society of Clinical Oncology/College of American Pathologists clinical practice guideline update. J Clin Oncol 2013,
31(31):3997-4013.

Mengel M, von Wasielewski R, Wiese B, et al. Inter-aloboratory and inter-observer reporducibility of immunohistochemical
assessment of the Ki67 labelling index in a large multi-centre trial. J Pathol. 2002 Nov;198(3):292-9.

Nielsen TO, Leung SCY, Rimm DL, et al. Assessment of Ki67 in Breast Cancer: Updated recommendations from the International Ki67
in Breast Cancer Working Group. J Natl Cancer Inst. 2020 Dec 28:djaa201.
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sowie =  Gene expression profiles (GEP, multigene assays, gene signatures)
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int® - *
Guidelines Breast MammaPrint (NO 1) 1b A *
Ve En AL = Oncotype DX® (NO-1, HR+ HER2-) 1b A +*
EndoPredict® (NO-1, HR+, HER2 -) 2b B +*
Prosigna® (NO-1, HR+, HER2 -) 2b B +*
Breast Cancer IndexS™ (NO-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 +
Clinical-pathological score for lobular breast cancer (nodal status, tumor size, 2b B +/-
lymphovascular invasion LVI)
CTS5 Clinical Treatment Score** 2b B +
www.ago-online.de =  CPS-EG Score 2b 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

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/JC0.22.00069. Epub 2022 Apr 19. Erratum in: J Clin Oncol.
2022 Aug 1;40(22):2514. PMID: 35439025.

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 LIMJ, Witteveen AT et al. MammaPrint and BluePrint Molecular Diagnostics Using Targeted RNA Next-
Generation Sequencing Technology. ] 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.

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.

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 Ill 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.

Kalinsky K, Barlow WE, Gralow JR et al. 21-Gene Assay to inform chemotherapy benefit in node-positive breast cancer. N Engl ] Med.
2021 Dec 16;385(25):2336-2347. doi: 10.1056/NEJM0a2108873. Epub 2021 Dec 1.

Nitz U, Gluz O, Christgen M et al. Reducing chemotherapy use in clinically high-risk, genomically low-risk pNO 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.

Nitz UA, Gluz O, Kimmel 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/JC0.21.02759. Epub 2022 Apr 11. PMID: 35404683.
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.

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.

EndoPredict’

1.

Buus R, Sestak |, 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).

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)

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.
Martin M, Brase JC, Ruiz A et al. Prognostic ability of EndoPredict compared to research-based versions of the PAMS50 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.

Sestak |, 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.

Sestak I, Martin 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.

Prosigna’

1.

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

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.

Erber R, Angeloni M, Stohr 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.

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.

Jensen MB, Leenkholm 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.

Leenkholm 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.

Laenkholm AV, Jensen MB, Eriksen JO et al. The ability of PAMS5O0 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.
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.

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):533-543Prat A, Lluch A, Turnbull AK et al. A PAM50-Based Chemoendocrine Score for
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(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.

EPclin (EndoPredict®)
1. Sestak I, Martin 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, Galvan 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. Jensen MB, Laenkholm 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.

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. FuR,YangJ, WangH et al.: Anomogram for determining the disease-specific survival in invasive lobular carcinoma of the breast: A
population study. Medicine (Baltimore). 2020 Oct 23;99(43):e22807.

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.
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Results for prospectively evaluated biomarkers (LOE1a)

[ ,MAMMA 1
in early HR+/HER2- breast cancer
H -
~
biomarker/ Population (HR+/HER2- patients) therapy options
©AGOe. V. signature
in der DGGG e.V.
sowie Mammaprint Clinically high/genomic low risk (n=1550)
in der DKG e.V. (MINDACT NO-1, age >50 yrs ET, no adjuvant CT
n=2140) NO-1, age g50 yrs (patients with OFS in the ET arm: 26%) adjuvant CT->ET*: 2.6% CT-benefit in 5-y DDFS (93.6 vs. 96.2%)

Guidelines Breast
Version 2023.1E

www.ago-online.de

Oncotype DX

TailorX (T1b-T2, NO, 74% clinically low risk, 13% OFS in

RS 0-25: premenopausal (patients with OFS in the ET arm:

19%)

(TAILORX premenopausal women))
n=6711) NO, RS 0-25 age>50 yrs. ET, no adjuvant CHT
NO RS 0-15 age <50 yrs ET, no adjuvant CHT
NO RS 16-25 age <50 yrs adjuvant CT->ET*: (3.2-3.4% CT-benefit in 5-y DRFI (93->95-96% 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. CTET
RxPonder RxPonder: N1
(n=5018) RS 0-25: postmenopausal ET, no adjuvant CT

(neo)adjuvant CT->ET* 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+Ki67posts10% )

NO-1, age>50 yrs

NO, RS 0-11 and age 50 yrs

NO, RS 12-25 with Ki67postg10% and age g50 yrs

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

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 CT>ET 5-yrs. DDFS 97% with ET alone

N1: RS 0-25 and ki-67post>10%
If CT is refused: al ive ET+OFS
DDFS=distant-disease-free-survival, DRFI= distant recurrence free interval, ET= endocrine treatment, CT= chemotherapy, OFS= ovarian function suppression, RS= Recurrence Score

(neo)adjuvant CT>ET

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.

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

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.

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.

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.

. 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.



~=< Neoadjuvant Systemic Chemotherapy (NACT)

: S Predictive Factors for pCR |
1¥ Oxford
hooseev  Factor PCRY LoE  GR  AGO
TEoeer 4 youngage e P —
BEEEE L Opesity Vs B s
= ¢T1/cT2 tumors 0. NO 0. G3 ™ 12 A+
= Negative hormone receptor status ™ la A ++
= Triple negative breast cancer ™ 1a A ++
= Positive HER2-status ™ la A ++
= Early clinical response T 1b A +
www.ago-online.de * Lobular tumor type \ 1a A +
=  Metaplastic tumor type W 4 C +

*  High (T) or very high (TT) probability to reach pCR, low (¢) or very low (~N) probability to reach pCR
See aso chapter ,Prognostic and predictive factors”

General evidence

1.

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.

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.

. 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 2017.

. 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.

. 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.

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
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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 | 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.
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: S Predictive Factors for pCR Il
17 Oxford
©_AGO e. V.
inder DGGG e V. Factor pCR* LoE GR AGO
in der DKG e.V. Probability
Verson 505552 = Gene expression profiles (gene signatures) T 2b B +/-
(Mammaprint®, Endopredict® Oncotype DX®,
Prosigna®, Breast Cancer IndexsV)
= Ki-67 T 2b B
= Tumor infiltrating lymphocytes** T 2a B
=  PIK3CA mutation (for HER2-positive BC) T 2a B +/-
= gBRCA-mutation (for the effect of chemotherapy) T 2b B +
= gBRCA-mutation (for the effect of platinum) o 2b B +/-

www.ago-online.de
*  High (T) or very high (T1) probabililty of pCR, low ({) or very low (Y4) probabililty of pCR

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

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. do0i:10.1200/JC0.2009.23.7370.

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: JC0O.2014.58.1967.

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

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

Mao Y, Qu Q, ZhangY, 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)

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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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.

PIK3CA

=

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. doi: 10.1093/annonc/mdv175. Epub 2015 Apr 7.

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: JC0O.2014.56.2439

4. Sueta A, Yamamoto Y, Yamamoto-lbusuki 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 |, 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 Jan 9. doi: 10.1093/annonc/mdy536. [Epub ahead of print]

7. FanH, 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.
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Guidelines Breast
Version 2023.1E

= Circulating tumor cells (CTC in blood, Cell Search®)

Prognosis 1a A +
Early response assessment (3w) 1b B +
= Therapy decision solely based on dynamics 1b A -*
of CTC numbers over time or CTC phenotype
= Cell-free DNA (cfDNA in blood) 2a A +-

www.ago-online.de

* Study participation recommended

CTC

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/NEJM0a040766.

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/JC0.2005.08.140.

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.

5. Smerage JB, Barlow WE, Hortobagyi GN, et al. 2014. Circulating tumor cells and response to chemotherapy in metastatic breast
cancer: SWOG S0500. J Clin Oncol. 2014 Nov, 1;32(31):3483-9

6. Sparano J, O'Neill A, Alpaugh K, et al. Association of Circulating Tumor Cells With Late Recurrence of Estrogen Receptor-Positive
Breast Cancer: A Secondary Analysis of a Randomized Clinical Trial. JAMA Oncol. 2018 Dec 1;4(12):1700-1706.

7. Jauch SF, Riethdorf S, Sprick MR, et al. Sustained prognostic impact of circulating tumor cell status and kinetics upon further

progression of metastatic breast cancer. Breast Cancer Res Treat. 2018 Oct 1. doi: 10.1007/s10549-018-4972-y. [Epub ahead of print]
PMID: 30276763
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Cell-free DNA

1. Chengl, 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.

2. YangJ, Cheng L, ZhangJ, et al. Predictive value of circulating cell-free DNA in the survival of breast cancer patients: A systemic review
and meta-analysis. Medicine (Baltimore). 2018 Jul 97(28):e11417.

3. Zill OA, Banks KC, Fairclough SR, et al. The Landscape of Actionable Genomic Alterations in Cell-Free Circulating Tumor DNA from
21,807 Advanced Cancer Patients. Clin Cancer Res. 2018 Aug 1;24(15):3528-3538.



= Treatment of Metastatic Breast Cancer

. .
MAMMA
Predictive Factors for response
>
Oxford
©AGOe. V.
in der DGGG e.V.
sowie Therapy Factor LoE GR AGO
in der DKG e.V.
Guidelines Breast Endocrine therapy ER / PR (prim. tumor, better: metastasis) 1a A ++
Ve A= Response to prior therapy 2b B ++
Autocrine receptor mutation (ESR1) 2b B +
Alpelisib PIK3CA mutation (prim. tumor, metastases, 1b A ++
plasma)
Trastuzumab Deruxtecan HER2-low or HER2-positive 1b A ++
Chemotherapy Response to prior therapy 1b A ++
Anti-HER2-therapy HER2 (prim. tumor, better: metastasis) 1a A ++
Checkpoint-Inhibitors PD-L1 positivity* (PD-L1ic, CPS) in TNBC 1b B ++
(primary tumor or metastasis)
PARP-Inhibitors gBRCA1/2-mutation la A ++
ARG Bone modifying drugs Bone metastasis 1a A ++

# see chapter , pathology”

Endocrine therapy

1. Campbell FC, Blamey RW, Elston CW, et al. Quantitative oestradiol receptor values in primary breast cancer and response of
metastases to endocrine therapy. Lancet. 1981;2(8259):1317-1319.

Endocrine therapy - ESR1:

1. Dustin D, Gu G, Fuqua SAW (2019) ESR1 mutations in breast cancer. Cancer 125:3714-3728 doi: 10.1002/cncr.32345.

2. Fribbens C, Garcia Murillas I, Beaney M et al. (2018) Tracking evolution of aromatase inhibitor resistance with circulating tumour DNA
analysis in metastatic breast cancer. Ann Oncol.29:145-153. doi: 10.1093/annonc/mdx483

3. Fribbens C, O'Leary B, Kilburn L et al. (2016) Plasma ESR1 Mutations and the Treatment of Estrogen Receptor-Positive Advanced
Breast Cancer. J Clin Oncol. 34:2961-8. doi: 10.1200/JC0.2016.67.3061

Alpelisib

1. André F, Ciruelos E, Rubovszky G et al. (2019) Alpelisib for PIK3CA-Mutated, Hormone Receptor-Positive Advanced Breast Cancer. N
Engl J Med. 380:1929-1940. doi: 10.1056/NEJM0a1813904
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Chemotherapy

1. Cardoso F, Senkus E, Costa A, et al. 4th ESO-ESMO International Consensus Guidelines for Advanced Breast Cancer (ABC 4)t. Ann
Oncol. 2018;29(8):1634-1657.

Anti-HER2-Therapy

1. Seidman AD, Fornier MN, Esteva FJ, et al. Weekly trastuzumab and paclitaxel therapy for metastatic breast cancer with analysis of
efficacy by HER2 immunophenotype and gene amplification. J Clin Oncol. 2001;19(10):2587-2595.

Checkpoint-Inhibitors

1. Schmid P, Adams S, Rugo HS, et al. Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer. N Engl J Med. 2018
Nov 29;379(22):2108-2121.

2. Cortes J, Cescon DW, Rugo HS et al.: KEYNOTE-355 Investigators. Pembrolizumab plus chemotherapy versus placebo plus
chemotherapy for previously untreated locally recurrent inoperable or metastatic triple-negative breast cancer (KEYNOTE-355): a
randomised, placebo-controlled, double-blind, phase 3 clinical trial. Lancet. 2020 Dec 5;396(10265):1817-1828.

PARP-Inhibitors

1. Robson M, Im SA, Senkus E, et al. Olaparib for Metastatic Breast Cancer in Patients with a Germline BRCA Mutation. N Engl ] Med.
2017;377(6):523-533.

2. Litton JK, Rugo HS, Ettl J, et al. Talazoparib in Patients with Advanced Breast Cancer and a Germline BRCA Mutation. N Engl J Med.
2018;379(8):753-763.

Bone modifying drugs




Aktas B, Kasimir-Bauer S, Lehmann N, et al.: Validity of bone marker measurements for monitoring response to bisphosphonate
therapy with zoledronic acid in metastatic breast cancer. Oncol Rep. 2013;30(1):441-447.

Loftus LS, Edwards-Bennett S, Sokol GH. Systemic therapy for bone metastases. Cancer Control. 2012;19(2):145-153.

Coleman R, Gnant M, Morgan G, Clezardin P. Effects of bone-targeted agents on cancer progression and mortality. J Natl Cancer Inst.
2012;104(14):1059-1067.

CTC monitoring (any therapy)

1.

Bidard FC, Peeters DJ, Fehm T, et al. Clinical validity of circulating tumour cells in patients with metastatic breast cancer: a pooled
analysis of individual patient data. Lancet Oncol. 2014;15:406-14.

Smerage JB, Barlow WE, Hortobagyi GN, et al. Circulating tumor cells and response to chemotherapy in metastatic breast cancer:
SWOG S0500. J Clin Oncol. 2014;32(31):3483-9.



Enames Mutation Diagnostics® in mBC:
: S »Precision Medicine” for Targeted Therapies

©AGOe. V. Altered genes Therapeutic relevance Gene region Material Oxford
in der DGGG e.V.
sowie
in der DKG e.V. LOE GR AGO
Guidelines Breast
Ve En AL BRCA1, BRCA2 Olaparib, Talazoparib All exons Germline: Blood cells 1b A ++
Olaparib Somatic: Tissue 2b B +-
PALB2 Olaparib Germline: Blood cells 2b B +
PIK3CA Alpelisib Exons 7,9 and 20 Primary tumor, 1b A ++
metastases, plasma
HER2-mutation Neratinib, Kinase- and extracellular  Primary tumor, 4 C +/-
(independent of lapatinib domains; $310, L755, metastases, plasma
HER2-status) V777, Y772_A775dup particul. lobular BC
ESR1 Resistance against Al Exons 4,7 and 8 Metastases, plasma 2b B +/-
Response oral SERDs Metastases, plasma 1b B +/-
www.ago-online.de  NTRK gene fusion Larotrectinib, entrectinib Fusion- and splice Tumor tissue, particul. 2a B +
variants secretory breast cancer
MslI Pembrolizumab Microsatellite-instability ~ Tissue 2a B +

* Ideally panel diagnostics

BRCA 1/2:

1.

Robson M, Im SA, Senkus E et al. (2017) Olaparib for Metastatic Breast Cancer in Patients with a Germline BRCA Mutation. N Engl J
Med. 377:523-533. doi: 10.1056/NEJM0a1706450

2. Kaufman B, Shapira-Frommer R, Schmutzler RK et al. (2015) Olaparib monotherapy in patients with advanced cancer and a germline
BRCA1/2 mutation. J Clin Oncol. 2015 Jan 20;33(3):244-50. doi: 10.1200/JC0.2014.56.2728.

3. Tung NM, Robson ME, Ventz S, et al. TBCRC 048: Phase Il Study of Olaparib for Metastatic Breast Cancer and Mutations in
Homologous Recombination-Related Genes. J Clin Oncol. 2020 Dec 20;38(36):4274-4282.

PIK3CA:

1. André F, Ciruelos E, Rubovszky G, Campone M et al. (2019) Alpelisib for PIK3CA-Mutated, Hormone Receptor-Positive Advanced
Breast Cancer. N Engl J Med. 380:1929-1940. doi: 10.1056/NEJM0a1813904B

2. BaselgaJ, Im SA, Iwata H, et al. Buparlisib plus fulvestrant versus placebo plus fulvestrant in postmenopausal, hormone receptor-
positive, HER2-negative, advanced breast cancer (BELLE-2): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet
Oncol. 2017 Jul;18(7):904-916.

3. Campone M, Im SA, lwata H, et al. Buparlisib plus fulvestrant versus placebo plus fulvestrant for postmenopausal, hormone receptor-

positive, human epidermal growth factor receptor 2-negative, advanced breast cancer: Overall survival results from BELLE-2. EurJ
Cancer. 2018 Nov;103:147-154.
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4.

Dickler MN, Saura C, Richards DA, et al. Phase Il Study of Taselisib (GDC-0032) in Combination with Fulvestrant in Patients with HER2-
Negative, Hormone Receptor-Positive Advanced Breast Cancer. Clin Cancer Res. 2018 Sep 15;24(18):4380-4387.

HER2-Mutation:

1.

Hyman DM, Piha-Paul SA, Won H, et al. (2018) HER kinase inhibition in patients with HER2- and HER3-mutant cancers. Nature
554:189-194. doi: 10.1038/nature25475.

Ma CX, Bose R, Gao F, et al. (2017) Neratinib Efficacy and Circulating Tumor DNA Detection of HER2 Mutations in HER2 Nonamplified
Metastatic Breast Cancer. Clin Cancer Res. 23:5687-5695. doi: 10.1158/1078-0432.CCR-17-0900.

Hanker AB, Brewer MR, Sheehan JH, et al. An Acquired HER2(T798I) Gatekeeper Mutation Induces Resistance to Neratinib in a
Patient with HER2 Mutant-Driven Breast Cancer. Cancer Discov 2017;7: 575-85.

Xu X, De Angelis C, Burke KA, et al. HER2 Reactivation through Acquisition of the HER2 L755S Mutation as a Mechanism of Acquired
Resistance to HER2-targeted Therapy in HER2(+) Breast Cancer. Clin Cancer Res 2017;23: 5123-34.

SR1:

=

Bidard FC, Kaklamani VG, Neven P, et al. (2022) 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 Ill EMERALD Trial. J Clin Oncol. 2022 Oct 1;40(28):3246-3256. doi: 10.1200/JC0.22.00338. Epub 2022 May 18.
PMID: 35584336; PMCID: PM(C9553388.

Dustin D, Gu G, Fuqua SAW (2019) ESR1 mutations in breast cancer. Cancer 125:3714-3728 doi: 10.1002/cncr.32345.

Fribbens C, Garcia Murillas |, Beaney M et al. (2018) Tracking evolution of aromatase inhibitor resistance with circulating tumour
DNA analysis in metastatic breast cancer. Ann Oncol.29:145-153. doi: 10.1093/annonc/mdx483

4. Fribbens C, O'Leary B, Kilburn L et al. (2016) Plasma ESR1 Mutations and the Treatment of Estrogen Receptor-Positive Advanced
Breast Cancer. J Clin Oncol. 34:2961-8. doi: 10.1200/JC0.2016.67.3061

NTRK:

1. Cocco E, Scaltriti M, Drilon A (2018) NTRK fusion-positive cancers and TRK inhibitor therapy. Nat Rev Clin Oncol. 15(:731-747. doi:

10.1038/s41571-018-0113-0.



MSI:
FDA approval across tumor entities (23.5.17): see full prescribing information for pembrolizumab

PALB2:
1. Antoniou AC, Casadei S, Heikkinen T et al. Breast Cancer Risk in families with mutations in PALB2. N Engl J Med 2014;371(6):497-506.

2. Breast Cancer Association Consortium, Dolling L, Carvahlo S, Allen J et al. Breast Cancer Risk Genes - Association Analysis in more
than 113,000 women. N Engl ) Med 2021;384(5):428-439.
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