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Data bases screened
Pubmed 2008 - 2019, ASCO 2003 — 2019, SABCS 2003 — 2019, Cochrane data base (n.d.)

Guidelines screened

St.Gallen/Vienna 2019: Burstein HJ, Curigliano G, Loibl S et al.; Members of the St. Gallen International Consensus Panel on the
Primary Therapy of Early Breast Cancer 2019. Estimating the benefits of therapy for early-stage breast cancer: the St. Gallen
International Consensus Guidelines for the primary therapy of early breast cancer 2019. Ann Oncol. 2019 Oct 1;30(10):1541-1557.

ABC4: Cardoso F, Senkus E, Costa A et al. 4th ESO-ESMO International Consensus Guidelines for Advanced Breast Cancer (ABC 4)t.
Ann Oncol. 2018 Aug 1;29(8):1634-1657.

ABC5 Original Slide Set After Voting — pre-publication — Jan. 2020 (personal communication)

NCCN 2019: NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®). Breast Cancer. NCCN Evidence Blocks™. Version
3.2019 — September 6, 2019. https://www.nccn.org/professionals/physician_gls/pdf/breast_blocks.pdf. Download Jan 19, 2020.

ASCO 2016: 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.


https://www.nccn.org/professionals/physician_gls/pdf/breast_blocks.pdf

Clark GM et al. Prognostic and predictive factors. In: Diseases of the breast, 2nd edition: Seiten 489-514. Harris JR, Lippmann ME,
Morrow M, Osborne CK (Hrsg). Lippincott-Raven Publishers, Philadelphia 2000.

Harbeck N, Penault-Llorca F, Cortes J et al. Breast cancer. Nat Rev Dis Primers. 2019 Sep 23;5(1):66.
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E Definition
A0 1Y i A Prognostic Factors is associated with the probability of the course of the
in der DKG 8.V disease (e.g. disease-free or progression-free survival, overall survival). The
Gudeines ross probability can be influenced by therapy.

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

therapy.

www.ago-online.de

Definition of Prognosis and Prediction

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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E Quality Criteria

chcoe v = Biological hypothesis

inder DKG &.v » Simple and standardized assessment method, quality assurance (QA) of
Guidelines Breast the test

Version 2020.1
= 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
1 Simon et al, ) Natl Cancer Inst 101: 1446-1452, 2009
2 Febbo et al, ] Natl Compr Canc Netw 9 Suppl 5: 51-32, 2011
3 McShane, Hayes, ] Clin Oncol 30: 4223 — 4232, 2012

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.

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.

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. Available:

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.



e Early Breast Cancer (MO0) — eBC
E > Prognostic Factors |
¥ Oxford
e Factor LoEou0s GR AGO
in der DKG &V = Tumor size — pT la A ++
Guidelines Brezet = Axillary lymph node status — pN l1a A ++
: = Histological tumor type (mucinous, tubular etc.) 2b B ++
= Grade (Elston & Ellis)-G 2a B ++
L] Age 2a B ++
= Histologically proven peritumoral lymphatic 1b 8
vessel and vascular invasion (L1 V1) +t
= pCR after NACT* in (luminal-B-like, HER2+, TN) 1a A ++
* Increased risk of recurrence in P B
invasive-lobular BC, cT3/4, N+ a +/-
=  Qbesity (BMI > 30 kg/m?) 1b B
e e = 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.

3. 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.

4. 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.

Tumor size LoE 1a A AGO++

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.

Lymphknotenstatus LoE 1a A AGO ++

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.

Histological type (mucinous, tubular etc.)  LoE 2b B AGO ++

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

2. 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.

3. Weigelt B, Geyer FC, Reis-Filho JS. Histological types of breast cancer: how special are they? Mol Oncol. 2010 Jun;4(3):192-208.

Grading (Elston & Ellis) LoE 2a B AGO ++

1. Thomas JS, Kerr GR, Jack WJ et al. Histological grading of invasive breast carcinoma--a simplification of existing methods in a large
conservation series with long-term follow-up. Histopathology. 2009 Dec;55(6):724-31.

2. 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.

3. 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.

4. Rakha EA, Aleskandarani M, Toss MS et al. Breast cancer histologic grading using digital microscopy: concordance and outcome



5.

association. J Clin Pathol. 2018 Aug;71(8):680-686.

O'Shea AM, Rakha EA, Hodi Z et al. Histological grade of invasive carcinoma of the breast assessed on needle core biopsy -
modifications to mitotic count assessment to improve agreement with surgical specimens. Histopathology. 2011 Sep;59(3):543-8.

Age LoE 2a B AGO ++

1. 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

2. 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.

3. BrandtJ, 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.

Histologically proven lymph and/or blood vessel invasion LoE 1b B AGO ++

1. RyuYJ, 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 ; LoE 1aA AGO ++

1.

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.

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.

Increased risk of recurrence in invasive-lobular BC, cT3/4, N+ LoE 2a B AGO +/-



https://www.ncbi.nlm.nih.gov/pubmed/21906126
https://www.ncbi.nlm.nih.gov/pubmed/21906126
https://www.ncbi.nlm.nih.gov/pubmed/21906126
https://www.ncbi.nlm.nih.gov/pubmed/21906126

Huober J, Schneeweiss A, Blohmer J-U, et al. Factors predicting relapse in early breast cancer patients with a pathological complete
response after neoadjuvant therapy — Results of a pooled analysis based on the GBG meta-database, SABCS 2018; P2-08-01

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.

Obesity (BMI>30kg/m?) LoE 1b BAGO +

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.

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) LoE 1a A AGO +

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 / PgR Za B +
* HER2 (IHC, ISH) 2b B ++
= ER/PgR i-
mo{ecﬁlaﬁ R’!:)I!ezl Ki-67 to assess the 2b B ++
" uPA / PAI-1 (Femtelle® ELISA) in NO 1a A +
= Proliferation markers
= Ki-67 before, during, or after treatment 1a B +

www.ago-online.de

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.



uPA/PAI-1

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.
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93, 913-920.

Look, M.P., van Putten, W.L.J., Duffy, M.J., et al. 2002. Pooled analysis of prognostic impact of urokinase-type plasminogen activator
and its inhibitor PAI-1 in 8377 breast cancer patients. J. Natl. Cancer Inst. 94, 116-128.

Thomssen, C., Harbeck, N., Dittmer, J et al.: 2009. Feasibility of measuring the prognostic factors uPA and PAI-1 in core needle biopsy
breast cancer specimens. J. Natl. Cancer Inst. 101, 1028-1029.

Harbeck N, Schmitt M, Meisner C, et al. Ten-year analysis of the prospective multicentre Chemo-NO trial validates American Society
of Clinical Oncology (ASCO)-recommended biomarkers uPA and PAI-1 for therapy decision making in node-negative breast cancer
patients. Eur J Cancer. 2013 May;49(8):1825-35.

Ettl J, Klein E, Hapfelmeier A, et al. Decision impact and feasibility of different ASCO-recommended biomarkers in early breast
cancer: Prospective comparison of molecular marker EndoPredict and protein marker uPA/PAI-1. PLoS One. 2017 Sep
6;12(9):e0183917.

i-67

1.

Cheang, M.C.U., Chia, S.K., Voduc, D. et al.: 2009. Ki67 index, HER2 status, and prognosis of patients with luminal B breast cancer. J.
Natl. Cancer Inst. 101, 736—750. doi:10.1093/jnci/djp082.

Dowsett, M., Nielsen, T.O., A'Hern, R, et al. 2011. Assessment of Ki67 in breast cancer: recommendations from the International
Ki67 in Breast Cancer working group. J. Natl. Cancer Inst. 103, 1656—1664.

Fasching, P.A., Heusinger, K., Haeberle, L., et al. 2011. Ki67, chemotherapy response, and prognosis in breast cancer patients



10.

11.

receiving neoadjuvant treatment. BMC Cancer 11, 486.

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.

Luporsi, E., André, F.,, Spyratos, F., et al. 2012. Ki-67: level of evidence and methodological considerations for its role in the clinical
management of breast cancer: analytical and critical review. Breast Cancer Res. Treat. 132, 895-915.

Urruticoechea, A., Smith, |.E. & Dowsett, M. 2005. Proliferation marker Ki-67 in early breast cancer. J. Clin. Oncol. 23, 7212-7220..

Varga, Z., Diebold, J., Dommann-Scherrer, C. et al. 2012. How reliable is Ki-67 immunohistochemistry in grade 2 breast carcinomas? A
QA study of the Swiss Working Group of Breast- and Gynecopathologists. PLoS ONE 7, e37379.

Viale, G., Giobbie-Hurder, A., Regan, M.M.,, et al. 2008a. Prognostic and predictive value of centrally reviewed Ki-67 labeling index in
postmenopausal women with endocrine-responsive breast cancer: results from Breast International Group Trial 1-98 comparing
adjuvant tamoxifen with letrozole. J. Clin. Oncol. 26, 5569-5575.

Viale, G., Regan, M.M., Mastropasqua, M.G. et al. 2008b. Predictive value of tumor Ki-67 expression in two randomized trials of
adjuvant chemoendocrine therapy for node-negative breast cancer. J. Natl. Cancer Inst. 100, 207-212.

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.

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

Post-treatment Ki-67

1.

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

Ellis MJ, Tao Y, Luo J, et al: Outcome Prediction for Estrogen Receptor-Positive Breast Cancer Based on Postneoadjuvant Endocrine
Therapy Tumor Characteristics. J. Natl. Cancer Inst. 100:1380-1388, 2008

Ellis M, Luo J, Tao Y, et al: Tumor Ki67 Proliferation Index within 4 Weeks of Initiating Neoadjuvant Endocrine Therapy for Early
Identification of Non-Responders. Cancer Res 69, 2010



4. 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.



Me
Reproducibility
>
A0 1Y i = ER/PR: concordance central vs local is high
in der OKG & v (97%; Plan B, SABCS 2014)
Sukellses Brsac = Grading: concordance central vs local is 68%
(PlanB, JCO 2016)
= HER2: frequency of false-positive test results 6%
(ASCO /CAP ICO 2013)
= Impact of routine pathologic review in NO BC: 20% changes :
grading 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)
www.ago-online. de = Inter- and intraobserver variability in measurement of
Ki-67 is high (J Nat. Cancer Institute 2011)

Dowsett M, Nielsen TO, A'Hern R, et al: Assessment of Ki67 in breast cancer: recommendations from the International Ki67 in
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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
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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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Wolff AC, Hammond ME, Hicks DG, et al.: Recommendations for human epidermal growth factor receptor 2 testing in breast
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2013, 31(31):3997-4013.
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sowie * Gene expression profiles (GEP, multigene assays, gene signatures)
in der DKG &V,
=  MammaPrint® (NO-1) 1b A +¥
Guidelines Breast
Version 2020.1 =  Oncotype DX® (NO-1, HR+ HER2-) 1b A +*
EndoPredict® (NO-1, HR+, HER2 -) 2b B +*
*  Prosigna® (NO-1, HR+, HER2 -) 2b B +*
= Breast Cancer Index’™ (NO-1, HR+ HER2-) 2b B +/-*
CTS Clinical Treatment Score** 2b B +
= Disseminated tumor cells (DTC, in bone marrow) la A +/-
Circulating tumor cells (CTC, in blood, Cell Search®) * 1b A +/-
CTC before NACT (regarding OS, DDFS, LRFI) 1b B +/-
Therapy decisions based on CTC phenotypes 3a C -
wageoninede . ol free DNA (cfDNA, in blood, for DFS, PFS, OS) 2b? B +/-
* Should only be used in selected patients if all other criteria are inconclusive for therapeutic decision making
** estimation of late recurrence; $ Validated clinical data only available for this assay

Genexpressionsprofile (GEP; Multigene Assays, Gensignhaturen)

(*Should only be used in selected patients if all other criteria are inconclusive for therapeutic decision making)
MammaPrint® (NO-1) LoE 1b A AGO+*

1.

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.

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

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

Duffy MJ, Harbeck N, Nap M et al. Clinical use of biomarkers in breast cancer: Updated guidelines from the European Group on
Tumor Markers (EGTM). Eur J Cancer. 2017 Apr;75:284-298.

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 EnglJ Med. 2016 Aug 25;375(8):717-29.
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11.
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13.

14.

15.

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. doi:10.1093/jnci/djj329.
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PLoS One. 2014 Mar 5;9(3):€90642.

Mook, S., Schmidt, M.K., Weigelt, B., et al. 2010. The 70-gene prognosis signature predicts early metastasis in breast cancer patients
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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.
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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
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HER2-positive breast cancer: pooled analysis of 967 patients from five prospective trials investigating lapatinib and trastuzumab. Ann
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21,807 Advanced Cancer Patients. Clin Cancer Res. 2018 Aug 1;24(15):3528-3538.
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= Anti-HER2-therapy HER2 (prim. tumor, better: metastasis) la A ++
®*  Checkpoint-Inhibitors PD-L1 IC positivity* in TNBC 1b B
(Atezolizumab) (primary tumor or metastasis) +
= PARP-Inhibitors gBRCA1/2-mutation 1a A ++
" Bone modifying drugs Bone metastasis la A ++
www.ago-online.de
* Any therapy CTC monitoring 1b A +¥

In clinical trials
# 2% on immune cells (IC) using SP142 (see chapter , pathology”)
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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.

Chemotherapy

Response to prior therapy
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Oncol. 2018;29(8):1634-1657.

Anti-HER2-Therapy
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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-Inhibitoren

Atezolizumab, PDL-1 expression on IC in TNBC (primary or metastasis)

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

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

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.
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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)
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S0500. J Clin Oncol. 2014;32(31):3483-9.

18



f Y= <>

E MAMMA
,)

®AGOe. V.
in der DGGG e V.
sowie
in der DKG e V.

Guidelines Breast
Version 20201

www.ago-online.de

Mutation diagnostics in mBC:

»Precision medicine” for targeted therapies

Altered genes Therapeutic Gene region Material Oxford AGO
relevance LOE GR
BRCA1, BRCA2 PARP Inhibitors All exons Germline: Blood cells 1b A ++
Somatic: Tissue 2b +/-
PIK3CA Alpelisib Exons 7,9 and 20 Primary tumor, 1b A +
metastases, plasma
HER2-mutation Neratinib, Kinase- and Primary tumor, 4 C +/-
(independent of HER2- lapatinib extracellular domains;  metastases, plasma
status) $310, L755, V777,
Y772_A775dup
ESR1 Resistance Exons 4,7 und 8 Metastases, plasma 2b B +/-
against Al
NTRK gene fusion Larotrectinib, Fusion- and splice Tumor tissue, espec. 2a B +
entrectinib variants secretory breast cancer
MSI Pembrolizumab Microsatellite- Tissue 2a B +

instability

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.

PIK3CA:

1. AndréF, 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/NEJM0a1813904

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.

19



2. 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.

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 |, 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

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 Zulassung entitatsiibergreifend (23.5.17): Full prescribing information for pembrolizumab is available at:
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125514s014Ibl.pdf
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Evidence from studies with other cancer patients (,,tumor-agnostic testing®)

= Companion Diagnostics for therapies of  Efficacy of diverse

. h 4 D #f-**
other tumor entities (z.B. BRAF, FGFR1, ...) therapies

= Large Panel Gene Analysis (e.g.
FoundationOne, GPS Cancer, NeoSelect, Efficacy of diverse
Molecular Health Guide, local ,,hand- therapies, prognosis
selected,, panels)

C +f-**
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* Assessment method for somatic mutations (tumor tissue, cf-DNA) is not taken into consideration for LOE

** Participation in clinical trials or structured registries recommended

Byrski T, Gronwald J, Huzarski T, et al. Pathologic complete response rates in young women with BRCA1-positive breast cancers
after neoadjuvant chemotherapy. J Clin Oncol 2010;28: 375-9.

von Minckwitz G, Eidtmann H, Rezai M, et al. Neoadjuvant chemotherapy and bevacizumab for HER2-negative breast cancer. N
Engl ) 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.

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.

Huzarski T, Byrski T, Gronwald J, et al. Ten-year survival in patients with BRCA1-negative and BRCA1-positive breast cancer. J Clin
Oncol 2013;31: 3191-6.

Robinson DR, Wu YM, Vats P, et al. Activating ESR1 mutations in hormone-resistant metastatic breast cancer. Nat Genet 2013;45:
1446-51.

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.
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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.

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;32:
3212-20.

Tutt APE, Kilburn L, Gilett C, al. The TNT trial: A randomized phase Il trial of carboplatin (C) compared with docetaxel (D) for patients
with metastatic or recurrent locally advanced triple negative or BRCA1/2 breast cancer (CRUK/07/012). DOI: 101158/1538-
7445SABCS14-S3-01 Published May 2015 2015.

Majewski 1J, Nuciforo P, Mittempergher L, et al. PIK3CA mutations are associated with decreased benefit to neoadjuvant human
epidermal growth factor receptor 2-targeted therapies in breast cancer. J Clin Oncol 2015;33: 1334-9.

Chandarlapaty S, Chen D, He W, et al. Prevalence of ESR1 Mutations in Cell-Free DNA and Outcomes in Metastatic Breast Cancer: A
Secondary Analysis of the BOLERO-2 Clinical Trial. JAMA Oncol 2016;2: 1310-5.

Fribbens C, O'Leary B, Kilburn L, et al. Plasma ESR1 Mutations and the Treatment of Estrogen Receptor-Positive Advanced Breast
Cancer. J Clin Oncol 2016;34: 2961-8.

Hahnen E, Lederer B, Hauke J, et al. Germline Mutation Status, Pathological Complete Response, and Disease-Free Survival in Triple-
Negative Breast Cancer: Secondary Analysis of the GeparSixto Randomized Clinical Trial. JAMA Oncol 2017;3: 1378-85.

Hanker AB, Brewer MR, Sheehan JH, et al. An Acquired HER2(T798l) Gatekeeper Mutation Induces Resistance to Neratinib in a
Patient with HER2 Mutant-Driven Breast Cancer. Cancer Discov 2017;7: 575-85.

van Mackelenbergh MT, Denkert C, Nekljudova V, et al. Outcome after neoadjuvant chemotherapy in estrogen receptor-positive and
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