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Oxford Levels of Evidence (LoOE)

2a

2b

Therapy / Prevention, Aetiology / Harm

ic review (with h ity) of

Individual randomised controlled trials (with narrow Cq

controlled trials

Prognosis

Systematic review (with homogeneity) of inception cohort studies; clinical
decision rule validated in different populations

cohort study with 2 80% follow-up; clinical decision rule

Interval)
All or none

ic review (with h of cohort studies

Individual cohort study (i

validated in a single population
All or none case-series

cohort studies or

Systematic review (with h ity) of either retr
untreated control groups in randomised controlled trials

low quality i -.

cohort study or follow-up of untreated control patients in a

trials; e.g., < 80% follow-up)

"Outcomes" Research; Ecological studies

ic review (with h of case-control studies

Individual Case-Control Study

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

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

randomised controlled trials; Derivation of clinical decision rule or validated on
split-sample only

"Outcomes" Research

Case-series (and poor quality prognostic cohort studies)

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

Oxford Centre for Evidence-based Medicine Levels of Evidence (LOE) and Grades of Recommendation (GR). Vereinfachte Version

(Thomssen/Harbeck).

Quelle: Oxford Centre for Evidence based Medicine Levels of Evidence (May 2001; http://minerva.minervation.com/cebm/)
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Oxford Grades of Recommendation (GR)
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Version 2026
B consistent level 2 or 3 studies or extrapolations from level 1
studies
C level 4 studies or extrapolations from level 2 or 3 studies
D level 5 evidence or troublingly inconsistent or inconclusive
UG studies of any level

Oxford Centre for Evidence-based Medicine Levels of Evidence (LOE) and Grades of Recommendation (GR). Vereinfachte Version
(Thomssen/Harbeck).
Quelle: Oxford Centre for Evidence based Medicine Levels of Evidence (May 2001; http://minerva.minervation.com/cebm/)
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inder DGGG .. ++ This investigation or therapeutic intervention is highly beneficial for patients,
aerEEa: can be recommended without restriction, and should be performed.

Guidelines Breast

Version 2026 + This investigation or therapeutic intervention is of limited benefit for patients
and can be performed.

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

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

-- This investigation or therapeutic intervention is of clear disadvantage for
CESTEED patients and should be avoided or omitted in any case.

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

Wahrend Sie durch das Evidenzlevel und den Empfehlungsgrad der Oxford Klassifikation eine Aussage zur wissenschaftlichen
Begriindung einer arztlichen MaRnahme erhalten, stellt der AGO-Empfehlungsgrad eine Expertenbeurteilung der betreffenden
MaRnahme dar, der eine alle Aspekte umfassende Risiko-Nutzen-Analyse zugrunde liegt.



e

>"I~\ MMA
“AGOe. V.
in der DGGG e.V.

sawie
in der DKG e.V.

Guidelines Breast
Version 2026.1D

www.ago-online.de

FORSCIIEN
LENREN
MCILEN

Osteoonkologie und Knochengesundheit

= Versionen 2002-2025:
Banys-Paluchowski / Bischoff / B6hme / Brunnert / Dall / Diel / Fehm /
Fersis / Friedrich / Friedrichs / Hanf / Harbeck / Huober / Jackisch /
Janni / Kolberg-Liedtke / Krug/ Lux / Maass / Nitz / Oberhoff / Reimer /
Rhiem / Rody / Schaller / Scharl / Schiitz / Seegenschmiedt / Solbach /
Solomayer / Souchon /

= Version 2026:
Park-Simon / Schmidt




‘”‘éé’ Bisphosphonate beim
> metastasierten Mammakarzinom
©AGOe.V. Oxford
o LoE GR AGO
in der DKG e.V.
Guidelines Breast = Therapie der Hyperkalzdmie 1a A ++
Version 2026.1D
= Reduktion skelettaler Ereignisse / Komplikationen 1a A e
= Reduktion von Knochenschmerzen 1a A e
= Verldngerung der Zeit bis zum Auftreten von 1a A o
Knochenschmerzen
= Therapie nach ossdrer Progression 5 D o
= Bestimmung von Knochenresorptionsmarkern zur 5 D -
Therapiekontrolle
= Alleinige Therapie zur Analgesie bei 5 D -
www.ago-online de Knochenschmerzen

Meta-analyses and Reviews (metastatic breast cancer)

1.

Coleman R, Hadji P, Body JJ et al. Bone health in cancer: ESMO Clinical Practice Guidelines. Ann Oncol 2020; 31(12):1650-1663.
doi: 10.1016/j.annonc.2020.07.019.

O'Carrigan B, Wong MH, Willson ML et al. Bisphosphonates and other bone agents for breast cancer. Cochrane Database Syst Rev.
2017 Oct 30;10:CD003474. doi: 10.1002/14651858.CD003474.pub4.

Van Poznak C, Somerfield MR, Barlow WE et al. Role of Bone-Modifying Agents in Metastatic Breast Cancer: An American Society
of Clinical Oncology-Cancer Care Ontario Focused Guideline Update. J Clin Oncol 35(35):3978-3986, 2017

Tesfamariam Y, Jakob T, Wockel A et al. Adjuvant bisphosphonates or RANK-ligand inhibitors for patients with breast cancer and
bone metastases: A systematic review and network meta-analysis. Crit Rev Oncol Hematol. 2019;137:1-8.

Wajda BG, Ferrie LE, Abbott AG et al. (2025) Denosumab vs. Zoledronic Acid for Metastatic Bone Disease: A Comprehensive
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Cancers (Basel) 17.

Results of Phase Il trials (metastatic breast cancer)

1.

Body JJ, Diel IJ, Lichinitser MR et al. Intravenous Ibandronate reduces the incidence of skeletal complications in patients with
breast cancer and bone metastases. Ann Oncol 14:1399-1405,2003



2. Diel lJ, Body JJ, Lichinitser MR et al. Improved quality of life for long-term treatment with the bisphosphonate ibandronate in
patients with metastatic bone disease due to breast cancer. Eur J Cancer 40:1704-1712, 2004

3. Body JJ, Diel lJ, Lichinitser M et al. Oral ibandronate reduces the risk of skeletal complications in breast cancer patients with with
metastatic bone disease; results from two randomized, placebo-controlled phase Il studies. Br J Cancer 90:1133-1137., 2004

4. Tripathy D, Lichinitser M, Lazarev A et al. Oral ibandronate for the treatment of metastatic bone disease in breast cancer: efficacy
and safety results from a randomized, double-blind, placebo-controlled trial. Ann Oncol 15:743-750, 2004

5. Rosen LS, Gordon D, Kaminski M et al. . Long-term efficacy and safety of zoledronic acid compared with pamidonate disodium in the
treatment of skeletal complications in patients with advanced multiple myeloma or breast cancer. Cancer 98:1735-1744, 2003

6. Rosen LS, Gordon DH, Dugan W et al. Zoledronic acid is superior to pamidronate for the treatment of bone metastases in breast
carcinoma patients with at least one osteolytic lesion. Cancer 100:36-43, 2004

Clinical relevance of bone resorption marker
1. Van Poznak C, Somerfield MR, Barlow WE et al. Role of Bone-Modifying Agents in Metastatic Breast Cancer: An American Society of
Clinical Oncology-Cancer Care Ontario Focused Guideline Update. J Clin Oncol 35(35):3978-3986, 2017

Bisphosphonates for bone pain control

1. Van Poznak C, Somerfield MR, Barlow W. et al. Role of Bone-Modifying Agents in Metastatic Breast Cancer: An American Society of
Clinical Oncology-Cancer Care Ontario Focused Guideline Update. J Clin Oncol 35(35):3978-3986, 2017

2. Zecca E, Zambelli L, Tiné G et al. (2025) Denosumab versus zoledronic acid: analgesic and survival impact of an extended treatment
regimen beyond 2 years

Hyperkalzdmie
1. Quran T, Maraqa N, Agarbeh et al. (2025) Treatment outcomes of hypercalcemia that resulting in hospital admission in cancer
patients treated with bisphosphonates in real-world setting. ] Oncol Pharm Pract:10781552251360327.
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Denosumab - Therapy of bone metastases and skeletal related complications

1.

Stopeck AT, Lipton A, Body JJ et al. Denosumab Compared With Zoledronic Acid for the Treatment of Bone Metastases in Patients
With Advanced Breast Cancer: A Randomized, Double-Blind Study, J Clin Oncol 28:5132-5139, 2010

Lipton A, Steger GG, Figueroa J, et al. Extended efficacy and safety of denosumab in breast cancer patients with bone metastases
not receiving prior bisphosphonate therapy. Clin Cancer Res 14:6690-6699, 2008

Lipton A,Steger GG, Figueroa J, et al. Randomized active-controlled phase Il study of denosumab efficacy and safety in patients
with breast cancer-related bone metastases. J Clin Oncol 25:4431-4437, 2007

O'Carrigan B, Wong MH, Willson ML et al. Bisphosphonates and other bone agents for breast cancer. Cochrane Database Syst Rev.
2017 Oct 30;10:CD003474. doi: 10.1002/14651858.CD003474.pub4.

Tesfamariam Y, Jakob T, Wockel A et al. Adjuvant bisphosphonates or RANK-ligand inhibitors for patients with breast cancer and
bone metastases: A systematic review and network meta-analysis. Crit Rev Oncol Hematol. 2019;137:1-8.

Wajda BG, Ferrie LE, Abbott AG et al. (2025) Denosumab vs. Zoledronic Acid for Metastatic Bone Disease: A Comprehensive
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Cancers (Basel) 17.

Oner i, Anik H, Kurt inci B, et al. (2025) A Comparison of the Efficacy and Safety of Denosumab and Zoledronic Acid in Patients
with Bone Metastatic Breast Cancer Receiving CDK4/6 Inhibitor Therapy. Medicina (Kaunas) 61.



Progression under bisphosphonates

1. Fizazi, K, Lipton, A, Mariette X, et al. Randomized phase Il trial of denosumab in patients with bone metastases from prostate
cancer, breast cancer, or other neoplasms after intravenous bisphosphonates. J Clin Oncol 27:1564-71, 2009

2. Mijelstad A, Zakariasson G, Valachis A et al. Optimizing antiresorptive treatment in patients with bone metastases: time to initiation,
switching strategies, and treatment duration. Support Care Cancer. 2019;27(10):3859-3867. doi: 10.1007/s00520-019-04676-6.

Clinical relevance of bone resorption marker
1. Van Poznak C, Somerfield MR, Barlow WE et al. Role of Bone-Modifying Agents in Metastatic Breast Cancer: An American Society of
Clinical Oncology-Cancer Care Ontario Focused Guideline Update. J Clin Oncol 35(35):3978-3986, 2017

Denosumab for bone pain control

1. Van Poznak C, Somerfield MR, Barlow WE et al. Role of Bone-Modifying Agents in Metastatic Breast Cancer: An American Society of
Clinical Oncology-Cancer Care Ontario Focused Guideline Update. J Clin Oncol 35(35):3978-3986, 2017

2. Zecca E, Zambelli L, Tiné G et al. (2025) Denosumab versus zoledronic acid: analgesic and survival impact of an extended treatment
regimen beyond 2 years in breast cancer. Breast 84:104596.
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= 186Rhenium-HEDP (hydroxyethyliden-diphosphonat) 2b B +
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YRSCI

iU Cave: die potentiellen Vorteile sollten gegeniiber der Gefahr der Myelosuppression
e und Panzytopenie abgewogen werden.

Reviews / Overview

1.
2.

Hoskin PJ: Radioisotopes for metastatic bone pain. Lancet Oncol 6(6):353-4, 2005

Bauman G, Chrrette M, Reid R, Sathya J. Radiopharmaceuticals for the palliation of painful bone metastasis-a systemic review.
Radioth Oncol 75: 258-70, 2005

Roque i Figuls M, Martinez-Zapata MJ, Scott-Brown M et al. Radioisotopes for metastatic bone pain (Cochrane Review). In: The
Cochrane Library 2011, Issue 7. John Wiley & Sons, Ltd. Art. No.: CD003347. DOI: 10.1002/14651858.CD003347.pub2

186Rhenium (18®Re-HEDP)

1.

de Klerk JM, van het Schip AD, Zonnenberg BA et al. Phase 1 study of rhenium-186-HEDP in patients with bone metastases
originating from breast cancer. J Nucl Med 137:244-49, 1996

Han SH, Zonneberg BA, de Klerk JM et al. 186Re-etidronate in breast cancer patients with metastatic bone pain. J Nucl Med
40:639-42, 1999

Kolesnikov-Gauthier H, Carpentier P, Depreux P et al. Evaluation of toxicity and efficacy of 186Re-hydroxyethylidene
diphosphonate in patients with painful bone metastases of prostate or breast cancer. J Nucl Med 41:1689-94, 2004

Limouris GS, Shukla SK, Condi-Paphiti A et al. Palliative therapy using rhenium-186-HEDP in painful breast osseous metastases.
Anticancer Res 17:1767-72, 1997



153Samarium (1*3Sm-EDTMP)

1.

Anderson PM, Wiseman GA, Dispenzieri A et al. High-dose samarium-153 ethylene diamine tetramethylene phosphonate: low
toxicity of skeletal irradiation in patients with osteosarcoma and bone metastases. J Clin Oncol 20:189-96, 2002

. Serafini AN. Systemic metabolic radiotherapy with samarium-153 EDTMP for the treatment of painful bone metastasis. Q J Nucl

Med. 45:91-9, 2001
Kolesnikov-Gauthier H, Lemoine N, Tresch-Bruneel E et al. Efficacy and safety of 153Sm-EDTMP as treatment of painful bone
metastasis: a large single-center study. Support Care Cancer. 2017 Sep 17. doi: 10.1007/s00520-017-3885-3

83Strontium (87Sr-Chlorid)

1.

Baziotis N, Yakoumakis E, Zissimopoulos A et al. Strontium-89 chloride in the treatment of bone metastases from breast cancer.
Oncology 55:377-81, 1998

Fuster D, Herranz D, Vidal-Sicart S et al. Usefulness of strontium-89 for bone pain palliation in metastatic breast cancer patients.
Nucl Med Commun 21:623-26, 2002

Kasalicky J, Krajska V. The effect of repeated strontium-89 chloride therapy on bone pain palliation in patients with skeletal cancer
metastases. Eur J Nucl Med 25:1362-67, 1998

Sciuto R, Festa A, Pasqualoni R et al. Metastatic bone pain palliation with 89-Sr and 186-Re-HEDP in breast cancer patients. Breast
Cancer Res Treat 66:101-19, 2001

223Ra-dichloride:

1.

Pandit-Taskar N, Larson SM, Carrasquillo JA. Bone-seeking radiopharmaceuticals for treatment of osseous metastases, Part 1: a
therapy with 223Ra-dichloride. J Nucl Med 55(2):268-74, 2015

Rugo HS, Van Poznak CH, Neven P et al. Radium-223 in women with hormone receptor-positive bone-metastatic breast cancer

receiving endocrine therapy: pooled analysis of two international, phase 2, randomized, double-blind, placebo-controlled trials.
Breast Cancer Res Treat 2023 Dec 20. Doi: 10.1007/s10549-023-07147-z.

177Lu (Lutetium)-EDTMP

1.

Agarwal KK, Singla S, Arora G, Bal C. (177)Lu-EDTMP for palliation of pain from bone metastases in patients with prostate and breast
cancer: a phase Il study. Eur J Nucl Med Mol Imaging. 42(1):79-88,2015



2. Sharma s, Singh B, Koul A et al. Comparative Therapeutic Efficacy of 153Sm-EDTMP and 177Lu-EDTMP for Bone Pain Palliation in
Patients with Skeletal Metastases: Patients' Pain Score Analysis and Personalized Dosimetry. Front Med (Lausanne). 2017 May
1;4:46. doi: 0.3389/fmed.2017.00046. eCollection 2017.

3. Saeed S, Paez D, Estrada Lobato E et al. (2025) (177)LuLu-EDTMP -a bone pain palliating agent: pharmacokinetics, biodistribution,
safety profile and clinical evaluation in osseous metastatic patients. Eur J Nucl Med Mol Imaging 52:3757-3772.



‘mé@ Longer-Interval vs. Standard Dosing of

MIAMM
S Bone-Targeted Agents
SAGOe. V. * CALGB 70604 trial: n = 1822 patients with metastatic breast cancer, metastatic prostate cancer, or multiple myeloma,
m DOCC eY. 795 completed the study
n der DG e SRE after 2 years: 29.5% zoledronic acid every 4 weeks

&J:::'Zg?;' 28.6% zoledronic acid every 12 weeks

*  OPTIMIZE-2 trial: n = 416 women with metastatic breast cancer, prior exposure to zoledronate or pamidronate for
approx. 1 year or more
SRE after 1 year: 22.0% zoledronic acid every 4 weeks
23.2% zoledronic acid every 12 weeks

*  REaCT-BTA trial: n = 263 metastatic cancer (160 breast, 103 prostate)
Denosumab (n = 148), zoledronate (n = 63) or pamidronate (n = 52) g4w vs. q12w
Primary endpoint (non-inferiority of q12w vs. g4w in HRQol) reached

e — Cumulative SSE after 1 year:  7.6% bone-targeted agent every 4 weeks

et 16.6% bone-targeted agent every 12 weeks (p = 0.27)

il

www.ago-online.de

Randomized trials — Zoledronic acid:

1.

3.

CALGB 70604: Himelstein AL, Foster JC, Khatcheressian JL et al. Effect of Longer-Interval vs Standard Dosing of Zoledronic Acid on
Skeletal Events in Patients With Bone Metastases: A Randomized Clinical Trial. JAMA 317(1):48-58, 2017

OPTIMIZE-2: Hortobagyi GN, Van Poznak C, Harker WG et al. Continued Treatment Effect of Zoledronic Acid Dosing Every 12 vs 4
Weeks in Women With Breast Cancer Metastatic to Bone: The OPTIMIZE-2 Randomized Clinical Trial. JAMA Oncol 3(7):906-912,
2017

Amadori D, Aglietta M, Alessi B et al. Efficacy and safety of 12-weekly versus 4-weekly zoledronic acid for prolonged treatment of
patients with bone metastases from breast cancer (ZOOM): a phase 3, open-label, randomised, non-inferiority trial. Lancet Oncol
14(7):663-70, 2013

Randomized trials — Other bone-targeted agents

1.

REaCT-BTA: Clemons M, Ong M, Stober C et al. A randomised trial of 4- versus 12-weekly administration of bone-targeted agents
in patients with bone metastases from breast or castration-resistant prostate cancer. Eur J Cancer 2021; 142: 132-140

Amir E, Freedman O, Carlsson L et al. Randomized Feasibility Study of De-escalated (Every 12 wk) Versus Standard (Every 3 to 4
wk) Intravenous Pamidronate in Women With Low-risk Bone Metastases From Breast Cancer. Am J Clin Oncol 2013; 36: 436-442



3. Lipton A, Steger GG, Figueroa J et al. Randomized Active-Controlled Phase Il Study of Denosumab Efficacy and Safety in Patients
With Breast Cancer-Related Bone Metastases. J Clin Onc 2007: 25 (28): 4431-4437

Non-randomized studies:

1. Addison CL, Bouganim N, Hilton J et al. A phase Il, multicentre trial evaluating the efficacy of de-escalated bisphosphonate therapy
in metastatic breast cancer patients at low-risk of skeletal-related events. Breast Cancer Res Treat 2014; 144: 615-624

Systematic reviews:

1. Awan AA, Hutton B, Hilton J et al., De-escalation of bone-modifying agents in patients with bone metastases from breast cancer: a
systematic review and meta-analysis. Breast Cancer Res Treat. 2019;176(3):507-517.
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in der DKG eV * Clodronat p.o. 1600 mg téglich 1a A ++

Guidelines Breast =  Clodronat i.v. 1500 mg q3w / q4w 1a A ++

Veron 202810 Pamidronat i.v. 90 mg
* q3w/qgdw 1a A 4
" gl2w 2b B +/-
Ibandronat i.v. 6 mg q3w / qdw 1a A ++
Ibandronat p.o. 50 mg taglich 1a A ++
Zoledronat i.v. 4 mg
* gdw 1a A +
" gl2w 1a A 44
Denosumab 120 mg s.c.
* gdw la A ++
* ql2w (REaCT-BTA trial) 1b B +/-

www.ago-online.de
FORSCIIEN Andere Dosierungen oder Schemata, wie z. B. aus den Studien zur adjuvanten 5 D
LEFIREN Situation oder Osteoporosetherapie
e Geplanter sequentieller Einsatz von verschiedenen Substanzen 2b B +/-

Reviews / Guidelines:

1.

O'Carrigan B, Wong MH, Willson ML et al. Bisphosphonates and other bone agents for breast cancer. Cochrane Database Syst Rev.
2017;10:CD003474. doi: 10.1002/14651858.CD003474.pub4.

Van Poznak C, Somerfield MR, Barlow WE et al. Role of Bone-Modifying Agents in Metastatic Breast Cancer: An American Society
of Clinical Oncology-Cancer Care Ontario Focused Guideline Update. J Clin Oncol 35(35):3978-3986, 2017

Ibrahim MF, Mazzarello S, Shorr R et al. Should de-escalation of bone-targeting agents be standard of care for patients with bone
metastases from breast cancer? A systematic review and meta-analysis. Ann Oncol. 26(11):2205-13, 2015

Awan AA, Hutton B, Hilton J et al., De-escalation of bone-modifying agents in patients with bone metastases from breast cancer:
a systematic review and meta-analysis. Breast Cancer Res Treat. 2019;176(3):507-517.

Shapiro CL, Moriarty JP, Dusetzina S et al. Cost-Effectiveness Analysis of Monthly Zoledronic Acid, Zoledronic Acid Every 3 Months,
and Monthly Denosumab in Women With Breast Cancer and Skeletal Metastases: CALGB 70604 (Alliance). J Clin Oncol. 2017;
35(35):3949-3955.

Zoledronic acid:

1.

Himelstein AL, Foster JC, Khatcheressian JL et al. Effect of Longer-Interval vs Standard Dosing of Zoledronic Acid on Skeletal



2.

Events in Patients With Bone Metastases: A Randomized Clinical Trial. JAMA 317(1):48-58, 2017

Hortobagyi GN, Van Poznak C, Harker WG et al. Continued Treatment Effect of Zoledronic Acid Dosing Every 12 vs 4 Weeks in
Women With Breast Cancer Metastatic to Bone: The OPTIMIZE-2 Randomized Clinical Trial. JAMA Oncol 3(7):906-912, 2017
Amadori D, Aglietta M, Alessi B et al. Efficacy and safety of 12-weekly versus 4-weekly zoledronic acid for prolonged treatment of
patients with bone metastases from breast cancer (ZOOM): a phase 3, open-label, randomised, non-inferiority trial. Lancet Oncol
14(7):663-70, 2013

Santini D, Galvano A, Pantano F et al. How do skeletal morbidity rate and special toxicities affect 12-week versus 4-week schedule
zoledronic acid efficacy? A systematic review and a meta-analysis of randomized trials. Crit Rev Oncol Hematol. 2019;142:68-75.

Pamidronate:
1.

Amir E, Freedman O, Carlsson L et al. Randomized Feasibility Study of De-escalated (Every 12 wk) Versus Standard (Every 3 to 4 wk)
Intravenous Pamidronate in Women With Low-risk Bone Metastases From Breast Cancer. Am J Clin Oncol 2013; 36: 436-442
Addison CL, Bouganim N, Hilton J et al. A phase Il, multicentre trial evaluating the efficacy of de-escalated bisphosphonate therapy
in metastatic breast cancer patients at low-risk of skeletal-related events. Breast Cancer Res Treat 2014; 144: 615-624

Denosumab & bisphosphonates:

1. Clemons M, Ong M, Stober C et al. A randomised trial of 4- versus 12-weekly administration of bone-targeted agents in patients
with bone metastases from breast or castration-resistant prostate cancer. Eur J Cancer 2021; 142: 132-140

2. Lipton A, Steger GG, Figueroa J et al. Randomized Active-Controlled Phase Il Study of Denosumab Efficacy and Safety in Patients
With Breast Cancer-Related Bone Metastases. J Clin Onc 2007: 25 (28): 4431-4437

3. Clemons M, Liu M, Stober C, Pond G, et al.; REaCT investigators. Two-year results of a randomised trial comparing 4- versus 12-
weekly bone-targeted agent use in patients with bone metastases from breast or castration-resistant prostate cancer. J Bone Oncol.
2021 Sep 2;30:100388. doi: 10.1016/j.jb0.2021.100388. PMID: 34567960; PMCID: PMC8449269.

Denosumab:

1. Templeton AJ, Stalder L, Bernhard J et al. Prevention of symptomatic skeletal events with denosumab administered every 4 weeks

versus every 12 weeks: A noninferiority phase Il trial (SAKK 96/12, REDUSE). J Clin Oncol 32:5s, 2014 (suppl; abstr TPS5095)



Sequential therapy with different BTAs:

1. Srivastava A, Nogueras Gonzales GM, Geng Y et al. Prevalence of medication related osteonecrosis of the jaw in patients treated
with sequential antiresorptive drugs: systematic review and meta-analysis. Support Care Cancer 2021; 29: 2305-2317
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= Spinales Kompressionssyndrom
= Mit progredienter neurologischer Symptomatik
= Mit pathologischen Frakturen

* Instabilitat der Wirbelkorper

e e = Lasionen in vorbestrahlten Teilen der Wirbelsdule

1

Wood TJ, Racano A, Yeung H et al. Surgical management of bone metastases: quality of evidence and systematic review. Ann Surg
Oncol 21(13):4081-9, 2014

Ju DG, Yurter A, Gokaslan ZL et al. Diagnosis and surgical management of breast cancer metastatic to the spine. World J Clin
Oncol 10;5(3):263-71, 2014

Rades D, Veninga T, Stalpers LJ et al. Prognostic factors predicting functional outcomes, recurrence-free survival, and overall
survival after radiotherapy for metastatic spinal cord compression in breast cancer patients. Int J Radiat Oncol Biol Phys
64(1):182-8, 2006

Walker MP, Yaszemski MJ, Kim CW et al. Metastatic disease of the spine: evaluation and treatment. Clin Orthop 2003;415
Suppl:S165-75

Guideline Program Oncology (Deutsche Krebsgesellschaft, Deutsche Krebshilfe, AWMF): Supportive care of oncological patients —
Version 1.3 — 2020 AWMF-Register Nr.: 032/0540L. https://www.leitlinienprogramm-
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M Kompressionssyndrom / Paraplegie
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" f" ?(G = = Operation zur Dekompression, Reduktion der 2b C ++
e Tumormasse und Stabilisierung (< 24 h) sowie Bestrahlung

der Wirbelsdule

= Bestrahlung der Wirbelsdule (< 24 h) 3b (o By

Bestrahlungsregime (1 x 8-10 Gy vs. mehrere Fraktionen) in
Abhdngigkeit von der Gesamtprognose, Allgemeinzustand und Priferenz
der Patientin

= Sofortiger Therapiebeginn 1c D ++

= Steroide (Beginn bei ersten Symptomen) 2a (o +
Dexamethason 16-24 mg/d, dann Reduktion {iber 2 Wochen
www.ago-online.de

LCHREN In klinischen Studien wurden Patienten mit unterschiedlichen
e Tumorentitdten eingeschlossen!
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Cuigeinos Broest Rekurrenter Knochenschmerz in vorbestrahlten
; Arealen des Skeletts
* Einmalige RT* 1b B s
* Fraktionierte RT* 1b B +4
* Radionuklidtherapie 2b B +
= MR-gesteuerter hochfokussierter Ultraschall 1b B +
* Radiofrequenzablation C +
= Kryoablation C +
www.ago-online.de
i T ;i b * Dosis und Fraktionierung hiingt von der Lokalisation, vom Intervall zur letzten
e Strahlentherapie sowie von Dosis und Fraktionierung der ersten Strahlentherapie ab.
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AE Nebenwirkungen und Toxizitaten von
[ 5| Bisphosphonaten (BP) und Denosumab (Dmab)
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S e = Nierenfunktionsstérungen durch i.v. Amino-BP 1b

Guidelines Breast = Kieferosteonekrose (ONJ) typisch unter i.v. BPs und Dmab (1,4-2,8 % / 1b
Version 2026.1D 1'3_3'2 %)

Risikosteigerung ONJ bei lingerem F/U Dmab > BPs 3a

Assoziation mit (parallelem) Einsatz von antiangiogenetischen Therapien 3b

= Ausgepragte Fille mit Hypokalzédmie (Dmab > BP) 1b

= Akut-Phase-Reaktion (i.v. Amino-BPs und Dmab) 10-30 % 1b

* Gastrointestinale Nebenwirkungen (orale BPs) 2-10 % 1b

= Atypische Femurfrakturen 2b

(absolutes Risiko: 11/10.000 Personenjahre mit BP-Einnahme)
magm""fde = Erhohtes Frakturrisiko nach Absetzen von Dmab
ACILEN = Sehr selten: Uveitis / Scleritis bei Behandlung mit BPs 4

3b

Bisphosphonates

1.

w

Schilcher, J., V. Koeppen, P. Aspenberg et al. Risk of atypical femoral fracture during and after bisphosphonate use. Acta Orthop
100-107, 2015

Body JJ. Breast Cancer: Bisphosphonate therapy for metastatic bone disease. Clin Cancer Res. 2006; 12(20 Suppl):6258s-6263s.
Coleman RE. Risks and benefits of bisphosphonates. Br J Cancer 98(11):1736-40., 2008

Dunstan CR, Felsenberg D, Seibel MJ. Therapy insight: the risks and benefits of bisphosphonates for the treatment of tumor-
induced bone disease. Nat Clin Pract Oncol 4(1):42-55, 2007

Tralongo, P, Repetto, L, Di Mari, A, et al. Safety of long-term administration of bisphosphonates in elderly cancer patients.
Oncology 67:11216, 2004

Chang, JT, Green, L, Beitz, J. Renal failure with the use of zoledronic acid. N Engl J Med 349(17):1676-9, 2003

Hillner BE, Ingle JN, Chlebowski RT et al. American Society of Clinical Oncology: American Society of Clinical Oncology 2003
update on the role of bisphosphonates and bone health issues in women with breast cancer. J Clin Oncol 21(21):4042-57, 2003
Aapro M, Abrahamsson PA, Body JJ et al. Guidance on the use of bisphosphonates in solid tumours: recommendations of an
international expert panel. Ann Oncol 19(3):420-32, 2008

Clark EM, Durup D: Inflammatory eye reactions with bisphosphonates and other osteoporosis medications: What are the risks?
Ther Adv Musculoskelet Dis 7:11-16, 2015.
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Denosumab

1. Stopeck AT et al. Denosumab Compared With Zoledronic Acid for the Treatment of Bone Metastases in Patients With Advanced
Breast Cancer: A Randomized, Double-Blind Study, J Clin Oncol 28:5132-5139, 2010

2. Taylor KH, Middlefell LS, and Mizen KD, "Osteonecrosis of the Jaws Induced by Anti-RANK Ligand Therapy," Br J Oral Maxillofac Surg
48(3):221-3,2010

3. Coleman R, Hadji P, Body JJ et al. Bone health in cancer: ESMO Clinical Practice Guidelines. Ann Oncol 2020; 31: 1650-1663.

4. Wang R, Rajanayagam S, Ngan J et al. Incidence of post-denosumab rebound hypercalcaemia in bony-metastatic breast cancer.
Calcif Tissue Int 2022; 111: 391-395.

Sequential therapy

1. Srivastava et al., Prevalence of medication related osteonecrosis of the jaw in patients treated with sequential antiresorptive drugs:
systematic review and meta-analysis. Support Care Cancer. 2021; 29: 2305-2317.

ONJ with longer F/U
1. Brunner C, Arvandi M, Marth C et al. (2025) Incidence of Medication-Related Osteonecrosis of the Jaw in Patients With Breast
Cancer During a 20-Year Follow-Up: A Population-Based Multicenter Retrospective Study. J Clin Oncol 43:180-188.




—~=<| Incidence of Medication-Related Osteonecrosis of the Jaw in
Patients With Breast Cancer During a 20-Year Follow-Up:

MAMMA
. > A Population-Based Multicenter Retrospective Study
°,A§f’ eV = Aretrospective multicenter study across all nine breast centers in Tyrol, Austria (2000—
oo 2020) included 639 breast cancer patients with bone metastases treated with
Guideines Breast antiresorptive therapy.
Version 2026.1D

* Medication-related osteonecrosis of the jaw (MRONJ) occurred in 56 patients,
corresponding to an incidence of 8.8% (95% Cl, 6.6-11.0).

* Incidence was highest in patients treated with denosumab only (11.6%) and in those
receiving bisphosphonates followed by denosumab (16.3%), compared with
bisphosphonates alone (2.8%).

* Time to MRONIJ onset was significantly shorter with denosumab (median 4.6 years)
compared with bisphosphonates alone (5.1 years) or sequential bisphosphonates

www.ago-online.de followed by denosumab (8.4 years).

EE,"E'?}H " | = MRONJincidence was substantially higher than previously reported, particularly with
denosumab, and onset occurred significantly earlier in denosumab-treated patients.

1. Brunner C, Arvandi M, Marth C et al. (2025) Incidence of Medication-Related Osteonecrosis of the Jaw in Patients With Breast
Cancer During a 20-Year Follow-Up: A Population-Based Multicenter Retrospective Study. J Clin Oncol 43:180-188.
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FORSCIIEN
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MCILEN

Denosumab vs. Zoledronic Acid for Metastatic Bone Disease:
A Comprehensive Systematic Review and Meta-Analysis of
Randomized Controlled Trials

= Overall survival: No difference between denosumab and zoledronic acid (OS HR 0.97,
95% Cl 0.90-1.05).

= Skeletal events: Denosumab reduced pathological fractures by 39% (RR 0.61, 95% ClI
0.39-0.94) and delayed SREs (time to first SRE RR 0.86).

* Pain outcomes: Delayed worsening of pain (HR 0.70) and pain interference (HR 0.86) with
denosumab.

= Safety: Less renal toxicity (RR 0.58) and acute-phase reactions (RR 0.38), but higher
hypocalcemia (RR 1.64) and ONJ risk (RR 1.43) with denosumab.

1. Wajda BG, Ferrie LE, Abbott AG et al. (2025) Denosumab vs. Zoledronic Acid for Metastatic Bone Disease: A Comprehensive

Systematic Review and Meta-Analysis of Randomized Controlled Trials. Cancers (Basel) 17.
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e Bisphosphonates / Denosumab
SAGOe. V.
in der DOGGG aV. Acute Kidn Upper
S Drug phase- Tox.ev Gl- Diarrhea | ONJ
Cuidetons Brase reaction tract
Version 2026.1D
Clodronate 1500 IV 0 + 0 0 0| Non-Amino.
Clodronate 1600 PO 0 0 + + 0| Non-Amino.
Ibandronate 50 mg PO 0 0 + 0 0| Aminobisph.
Ibandronate 6 mg IV + 0 0 0 + | Aminobisph.
Zoledronate 4 mg IV (qaworc1zw) + + 0 0 + | Aminobisph.
Pamidronate 90 mg IV + + 0 0 + | Aminobisph.
Zoledronate 4 mg IV gém + 0 0 0 0| Aminobisph.
Denosumab 120 mg SC g4w + 0 0 + +
www.ago-online.de
e Cave: Hypocalcemia under antiresorptive therapy in pts with bone metastases!

Bisphosphonates
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w

Schilcher, J., V. Koeppen, P. Aspenberg et al. Risk of atypical femoral fracture during and after bisphosphonate use. Acta Orthop 100-
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Dunstan CR, Felsenberg D, Seibel MJ. Therapy insight: the risks and benefits of bisphosphonates for the treatment of tumor-induced
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Tralongo, P, Repetto, L, Di Mari, A, et al. Safety of long-term administration of bisphosphonates in elderly cancer patients. Oncology
67:11216, 2004

Chang, JT, Green, L, Beitz, J. Renal failure with the use of zoledronic acid. N Engl ] Med 349(17):1676-9, 2003

Hillner BE, Ingle JN, Chlebowski RT et al. American Society of Clinical Oncology: American Society of Clinical Oncology 2003 update
on the role of bisphosphonates and bone health issues in women with breast cancer. J Clin Oncol 21(21):4042-57, 2003

Aapro M, Abrahamsson PA, Body JJ et al. Guidance on the use of bisphosphonates in solid tumours: recommendations of an
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1. Stopeck AT et al. Denosumab Compared With Zoledronic Acid for the Treatment of Bone Metastases in Patients With Advanced
Breast Cancer: A Randomized, Double-Blind Study, J Clin Oncol 28:5132-5139, 2010
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48(3):221-3,2010

Denosumab vs. Zoledronic Acid
1. Wajda BG, Ferrie LE, Abbott AG et al. (2025) Denosumab vs. Zoledronic Acid for Metastatic Bone Disease: A Comprehensive
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Cancers (Basel) 17.




‘”‘éé’ Knochenmetastasen:
S Strahlentherapie
Oxford
cﬁ?.?&gé eV. LoE GR AGO
in der DKG V. Indikation zur Strahlentherapie bei Knochenmetastasen
V&G'::;':‘gg:‘;' =  Mit Stabilititsminderung (Frakturgefahr) la B Fes
= Mit Bewegungseinschrinkung la B e
= Mit lokaler Schmerzsymptomatik la B e
= Mit bestehender neurologischer Symptomatik la B e
= Nach operativer Versorgung 2b B ++
= Verzicht auf Radiatio nach RO-Resektion ohne 4 C +
Fraktur/Kortikalisarrosion
= Mit Oligometastasierung ohne Vorliegen der o.g. Faktoren 2b B +/-
Reduktion der Strahlentherapie induzierten Schmerzzunahme mit 1b B +
Dexamethason
www.ago-online.de Strahlentherapie mit Hyperthermie 2b B +/-
; ’I"j:; =~
o Nur wenige Mammakarzinom-spezifische Studien!

Alcorn S, Cortes AA, Bradfield S et al.. External Beam Radiation Therapy for Palliation of Symptomatic Bone Metastases: An
ASTRO Clinical Practice Guideline. Pract Radiat Oncol. 2024 Sep-Oct;14(5):377-397.

Guckenberger M, Andratschke N, Belka C et al.. ESTRO clinical practice guideline: Stereotactic body radiotherapy for spine
metastases. Radiother Oncol. 2024 Jan:190:109966.

Van der Velden J, Willmann J, Spalek M et al. ESTRO ACROP guidelines for external beam radiotherapy of patients with
uncomplicated bone metastases. Radiother Oncol. 2022 Aug:173:197-206.

Oldenburger E, Brown S, Willmann J et al. ESTRO ACROP guidelines for external beam radiotherapy of patients with complicated
bone metastases. Radiother Oncol. 2022 Aug:173:240-253.

Gillespie EF, Yang JC, Mathis NJ et al. Prophylactic radiation therapy versus standard of care for patients with high-risk
asymptomatic bone metastases: a multicenter, randomized phase Il clinical trial. J Clin Oncol 2024; 42: 38-46.

Chow E, Meyer RM, Ding K et al. Dexamethasone in the prophylaxis of radiation-induced pain flare after palliative radiotherapy
for bone metastases: a double-blind, randomised placebo-controlled, phase 3 trial. Lancet Oncol 16(15):1463-72, 2015

Chi MS, Yang KL, Chang YC et al. Comparing the Effectiveness of Combined External Beam Radiation and Hyperthermia Versus
External Beam Radiation Alone in Treating Patients With Painful Bony Metastases: A Phase 3 Prospective, Randomized,
Controlled Trial. Int J Radiat Oncol Biol Phys 100(1):78-87, 2018
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Kubeczko M, Gabrys D, Rembak-Szynkiewicz J et al. (2025) Efficacy of radiotherapy for bone metastasis in breast cancer patients
treated with cyclin-dependent kinase 4/6 inhibitors. Radiother Oncol 202:110639.

Nieder C, Haukland EC, Stanisavljevic L, Mannsaker B (2025) Radiotherapy for Bone Metastases in Patients With Excellent
Performance Status: Patterns of Care and Prognostic Factors for Survival. Anticancer Res 45:1149-1158.

. Chou K-N, Park DJ, Hori YS et al. 2025) Primary Stereotactic Body Radiation Therapy for Breast Cancer Spinal Metastases. Clin Breast

Cancer 25:481-492.



s Radiotherapy for Bone Metastases:
? Technique and Fractionation

b

©AGOe. V. = Performance status, symptoms, overall prognosis / life expectancy, mechanical stability and
L‘.:.’ pecGed infiltration of the epidural space / spinal cord compression should be considered.
l;:::;:m = For patients with uncomplicated painful bone metastases, single fraction radiotherapy with 8 Gy has
WO by comparable overall pain response rates compared to fractionated radiotherapy (i.e. 5x4 or10x 3

Gy).

= However, 1 x 8 Gy is associated with higher rates of re-treatment and potentially increased rates of
pathological fracture and metastatic spinal cord compression during the course of disease. Thus, 1 x
8 Gy may preferentially be used in patients with a limited life expectancy.

= Stereotactic body radiotherapy with higher doses (e.g. 2 x 12 Gy, 3 x 9-10 Gy, 5 x 7 Gy, 10 x 4.85 Gy)
potentially delivers higher complete and more durable pain response rates and is associated with
higher local control. Thus, it should be considered In patients with uncomplicated bone metastases
and a favorable prognosis. Pre-treatment MRT is recommended to assess epidural disease and for
www.ago-online.de
rORSCHEN spinal cord contouring.

LETIREN
NMCILEN

Alcorn S, Cortes AA, Bradfield S et al.. External Beam Radiation Therapy for Palliation of Symptomatic Bone Metastases: An
ASTRO Clinical Practice Guideline. Pract Radiat Oncol. 2024 Sep-Oct;14(5):377-397.

Guckenberger M, Andratschke N, Belka C et al.. ESTRO clinical practice guideline: Stereotactic body radiotherapy for spine
metastases. Radiother Oncol. 2024 Jan:190:109966.

Van der Velden J, Willmann J, Spalek M et al. ESTRO ACROP guidelines for external beam radiotherapy of patients with
uncomplicated bone metastases. Radiother Oncol. 2022 Aug:173:197-206.

Oldenburger E, Brown S, Willmann J et al. ESTRO ACROP guidelines for external beam radiotherapy of patients with complicated
bone metastases. Radiother Oncol. 2022 Aug:173:240-253.
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Prophylactic Radiation Therapy versus Standard of Care for
3 > Patients with High-Risk Asymptomatic Bone Metastases

oy A multicenter randomized controlled Phase Il clinical trial
sawie
inder DKG e.V.

Guidetos Broest = Cohort: 78 adult patients (24% breast) with high-risk bone metastases (n = 122),
stratified by histology and planned SOC (systemic therapy or observation), randomly

assigned in a 1:1 ratio to receive RT to asymptomatic bone metastases or SOC alone.

= Definition of High risk: Bone met. > 2 cm); Involvement of hip / shoulder / sacroiliac

joint or long bones (1/3-2/3 of the cortical thickness), involvement of junctional spine

(C7-T1/T12-L1/15-51) and/or posterior involvement

= Results: 1 year: RT vs. SOC: SRE in one of 62 bone metastases (1.6%) vs. 14 of 49

bone metastases (29%) (p < .001) with significantly fewer patients hospitalized for SRE in

www.ago-online de the RT arm compared with the SOC arm (0 v 4, p = .045); median follow-up of 2.5 years:
EE:':ELLH - 0S was significantly longer in the RT arm (hazard ratio [HR], 0.49; 95% Cl, 0.27 to
0.89; p =.018)

1. Gillespie EF, Yang JC, Mathis NJ, et al. Prophylactic Radiation Therapy Versus Standard of Care for Patients With High-Risk
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