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

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

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

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

1c All or none All or none case-series

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

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

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

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

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

3b Individual Case-Control Study

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

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

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

A consistent level 1 studies 

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

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

D level 5 evidence or troublingly inconsistent or inconclusive 
studies of any level
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AGO Grades of Recommendation

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

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

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

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

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

§ Versionen 2003-2025:                                                       
Bauerfeind / Bischoff / Budach / Diel / Ditsch / Fehm / Friedrich / Gerber / 
Huober / Krug / Loibl / Lück / Lüftner / Maass / Müller / Nitz / Jackisch / 
Jonat / Junkermann / Park-Simon / Rody / Schütz / Solbach / Stickeler / 
Witzel / Würstlein

§ Version 2026:
      Bartsch / Krug / Witzel
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ZNS-Metastasen beim 
Mammakarzinom

§ Das Mammakarzinom ist zweithäufigste Ursache von ZNS-Metastasen.

§ In Kollektiven von Patientinnen mit metastasiertem Mammakarzinom:
§ Parenchymale ZNS-Metastasen: ∼ 30-40 %
§ Leptomeningeale ZNS-Metastasen: ∼ 5-16 %

§ Steigende Inzidenz (bis zu 40 %); Biopsie zur Differentialdiagnose empfohlen

§ Anstieg der Inzidenz verursacht durch:
§ Effektivere Behandlungsoptionen der extrazerebralen Metastasen 
§ Vermehrter Einsatz der MR-Diagnostik 

§ Keine Evidenz für Hirnmetastasen-Screening bei asymptomatischen Patientinnen (laufende 
Studien).

§ Prognose von Patientinnen mit asymptomatischen cerebralen Metastasen besser.

§ Graded Prognostic Assessment (Updated Breast GPA) ermöglicht eine Prognoseeinschätzung. 
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Subtype No  
patients

Incidence per 
patient-year

Pooled cumulative 
incidence

Median 
follow-up
(months)

HER2 positive (all) 5971 13%
95% CI: 0.22–0.38 

31% 31

HR- / HER2 positive 2092 13% 
95% CI: 0.08–0.20 

- -

HR+ / HER2 positive 3480 8%
95% CI: 0.05–0.13 

- -

HR- / HER2 negative 4102 13%
95% CI: 0.09–0.20 

32%
95% CI: 0.19–0.49 

33

HR+ / HER2 negative 14656 5%
95% CI: 0.03–0.08 

15%
95% CI: 0.078–0.27 

33

Incidence of Brain Metastases among Patients with Metastatic 
Breast Cancer – Meta-Analysis of 25 Trials between 2010-2020

Kuksis M, Gao Y, Tran W et al. Neuro Oncol. 2021 Jun 1;23(6):894-904
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ZNS-Metastasen beim Mammakarzinom – 
Tumorbiologie und Risikofaktoren

§ Primärtumor / Risikofaktoren
§ Negativer Hormonrezeptor-Status (Basalzell-Typ / triple-negativ)
§ Hohes Grading, hohes Ki-67 
§ HER2 und / oder EGFR (HER1) Überexpression
§ Molekularer Subtyp (HER2 positiv, triple-negativ, Luminal B)
§ Inflammatorisches Mammakarzinom 
§ gBRCA Mutation 
§ Alter < 40
§ Lungenmetastasierung
§ Ethnizität 

§ ZNS-Metastasen:
häufiger Östrogenrezeptor-neg. und HER2 und / oder EGFR positiv

§ Primärtumor und ZNS-Metastasen: Diskordanz des molekularen Subtyps für ER = 16,7 %; für 
PR =  25,2 %; für HER2 = 10,4 %



© AGO e. V.
   in der DGGG e.V. 
   sowie 
   in der DKG e.V.

   Guidelines Breast 
   Version 2026.1D

www.ago-online.de

Updated Breast-GPA (Graded Prognostic Assessment) 
Worksheet to Estimate Survival from Brain Metastases (BM)

Prognostic Factor 0 0.5 1 1.5 Score
KPS  ≤ 60  70-80 90-100  n/a  

Subtype  Basal  LumA n/a  HER2 or 
LumB  

Age, years  ≥ 60  < 60  n/a  n/a  
ECM present absent n/a n/a 

No of BM ≥ 2 1 n/a n/a 
Sum total  

Median survival by Breast-GPA: 
Breast-GPA 0-1.0    =   6 months
Breast-GPA 1.5-2.0 =  13 months
Breast-GPA 2.5-3.0 =  24 months
Breast-GPA 3.5-4.0 =  36 months
Subtype: Basal: triple negative; LumA: ER / PR positive, HER2 negative; LumB: triple positive; HER2: ER / PR 
negative, HER2 positive. ECM: extracranial metastases BM: brain metastases, KPS: Karnofsky Performance Status 

Sperduto PW et al, JCO 2020
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Klinische Einordnung von Hirnmetastasen

Stabile Hirnmetastase (Definition: RECIST / RANO): Stabilisierung nach 
vorangehender Behandlung der Hirnmetastase(n)  

Stabile Hirnmetastase (Definition analog DESTINY-Breast03-Studie): stabile 
Hirnmetastasen 2 Wochen nach Ganzhirnbestrahlung, keine Symptome, keine 
Medikation mit Kortikosteroiden, Antikonvulsiva 

Aktive Hirnmetastase (Definition analog HER2Climb-Studie):

 lokal vorbehandelt: progrediente oder neue Hirnmetastase(n), bei denen 
keine sofortige erneute lokale Behandlung indiziert ist      

 oder
 lokal unbehandelte Hirnmetastase(n), für die keine sofortige lokale 

Behandlung indiziert ist.
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Oxford

LoE GR AGO

Alleinige Lokaltherapie: SRS (< 2-3 cm) oder SRT (> 2-4 cm) 1b B ++

Singuläre Metastase 1b B ++
OP (wenn indiziert) + Bestrahlung des Tumorbetts (ohne WBRT) 

Oligometastasen 1b  B ++
OP (wenn indiziert) + Bestrahlung des Tumorbetts und SRS oder SRT der nicht-
resezierten Metastasen (ohne WBRT)

WBRT + Boost (SRS, SRT) oder Resektion + WBRT 2a B +/-

Alleinige WBRT 2b B +/-

zusätzliche Hippocampusschonung** 1b B +

*   Oligohirnmetastasierung bis zu 4 Hirnmetastasen
** Ausschlusskriterium: Metastasen in der Hippocampus-Region
SRS = stereotactic radiosurgery (einzeitig); SRT = stereotactic radiotherapy (fraktioniert), WBRT = whole brain radiotherapy

Lokale Therapie: Singuläre Hirnmetastasen
und Oligohirnmetastasen*
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Lokale Therapie:
Multiple Hirnmetastasen

1Ausschlusskriterium: Metastasen in der Hippocampus-Region

SRS = stereotactic radiosurgery; SRT = stereotactic radiotherapy (fractionated); WBRT= whole brain radiotherapy

Oxford
LoE Gr AGO

§ SRS oder SRT (ohne WBRT) sofern technisch und klinisch sinnvoll
möglich 2b B +

§ WBRT (sofern SRS technisch nicht möglich) 1a A +

§ zusätzliche Hippocampusschonung1 (bei günstiger Prognose) 1b B +

§ OP (großer Herde) + Bestrahlung des Tumorbetts und SRS oder SRT 
der nicht-resezierten Metastasen (ohne WBRT)

3a C +
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Factors in favor of neurosurgery:

§ Histological verification e.g. after a long recurrence-free interval

§ Need for immediate decompression, life-threatening symptoms

§ Tumor size not allowing stereotactic radiotherapy

Factors in favor of primary radiotherapy*:

§ Tumor location poorly amenable to surgery

§ More than four lesions

§ Comparable local control for SRS / SRT vs. surgery + postoperative RT

Possible Factors for Decision Making Neurosurgery 
versus Stereotactic Radiosurgery

* stereotactic radiotherapy should be preferred if possible
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Radiotherapy Considerations in Patients with 
Limited Brain Metastases

§ Local therapy (surgery, SRS, SRT) depends on localization, size, number of metastases, previous 
therapy, Karnofsky-Performance-Scale, prognosis.

§ Due to better quality of life and neurocognition, SRS / SRT are preferred whenever technically and 
clinically feasible. Randomized trials have enrolled patients with up to 20 brain metastases.

§ WBRT in addition to surgery / SRS / SRT improves intracranial control but does not improve duration 
of  functional independence and overall survival. WBRT impairs neurocognitive function.

§ When stereotactic radiotherapy is not feasible (e.g. due to large cumulative volume, technical 
reasons, rapid progression etc.), whole-brain radiotherapy remains the standard of care. 
Hippocampal avoidance may be performed to reduce the risk of neurocognitive impairment if no 
hippocampal metastases are present and the overall prognosis is deemed favorable.

SRS = stereotactic radiosurgery (single session), SRT = stereotactic RT (fractionated); WBRT = whole brain radiotherapy 
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§ Randomized controlled trial (n = 196, 2017-2024, 4 sites in the US)

§ Patients with 5-20 brain metastases from any histology except small-cell lung cancer, Karnofsky 
Performance Scale ≥ 70%, no prior cranial radiotherapy, no LMD, no unresected brain metastases ≥ 
5 cm

§ Randomization SRS / SRT (1 x 16-20 Gy or 5 x 5-6 Gy) vs. WBRT with hippocampal avoidance (10 x 3 
Gy)

§ Primary endpoint: Symptom severity and interference (MDASI-BT)

§ 22% breast cancer, 45% NSCLC, 61% symptomatic, median 14 brain metastases

§ Significantly lower symptom burden and interference with SRS / SRT

§ Median overall survival 8.3 months (SRS / SRT) vs. 8.5 months (WBRT)

§ Significantly better neurocognition on most tests with SRS / SRT

§ Significantly better functional independence with SRS / SRT 

SRS for Patients with 5-20 Brain Metastases

SRS = stereotactic radiosurgery (single session), SRT = stereotactic RT (fractionated); WBRT = whole brain radiotherapy 
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Incidence and imaging characteristics

§ RN should be considered in case of suspected progression of previously irradiated brain metastases as 
differential diagnosis 

§ Increase in contrast enhancement on MRI / CT, edema present, typically appearing 6-18 months after RT, 
progressive course without adequate treatment, correlation with radiotherapy plan is essential

§ Additional imaging (i.e. FET-PET,CT / MRI perfusion) may be considered. 

§ Incidence 5-10% after SRS / SRT, approx. half of the patients are symptomatic

Risk factors

§ Increasing diameter of treated metastases, previous irradiation (whole-brain radiotherapy or previous 
stereotactic radiotherapy to the same lesion), SRS for metastases > 3 cm (prefer SRT), association with 
concurrent systemic treatment equivocal

Management (in close coordination with treating radiation oncologist, neuro-radiology, and neurosurgery)

§ Follow-up with MRI is warranted in asymptomatic cases with uncritical size and location

§ In symptomatic patients and / or critical size / location, interdisciplinary management is essential. Options 
include dexamethasone, bevacizumab (off label), and surgery.

Radiation Necrosis (RN) after Stereotactic 
Radiotherapy

Adapted from Bernhardt et al. Strahlenther Onkol 2022. 198: 971-883. 
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Risk of Symptomatic Radiation Necrosis (SRN) after 
SRS / SRT in Combination with Systemic Therapy

First Author / 
Trial

Patients 
(lesions)

Follow 
Up

Local Therapy Systemic 
Therapy

Incidence of SRN Local control Comment

Salvestrini et 
al. 2023 
(Systematic 
review)

122 (?) Not 
stated

SRS T-DM1 37% (grade 2) 17% 
(grade 3)

Not stated Significant 
heterogeneity 
between studies. 

Chun et al. 
2024

103 (?) 15.7 SRS (76%) or 
SRT

T-DM1 (38%) 4.7% (no T-DM1) vs. 
23.1% (T-DM1)

Not stated Higher risk with T-
DM1 and previous 
WBRT

Koide et al. 
2024

168 (?) 31.0 SRS/SRT (60%), 
WBRT (40%)

ADC (29%) 11% (overall)
27% (concurrent ADC)

Not stated Higher risk with 
concurrent ADC

Lebow et al. 
2023 

98 (?) 12.4 SRS (75%) or 
SRT

T-DM1 (53%), 
T-DXd (51%), SG 
(27%)

8.5% (overall)
42% (concurrent ADC 
and Re-RT)

Not stated Higher risk of SRN 
with concurrent ADC 
and with previous RT

Kathri et al. 
2024

34 (215) 13.9 SRS (80%) or 
SRT

T-DXd 11% 
(2 years)

97% (1 year) No increased risk 
with concurrent T-
DXd (54%)

TROG 16.02 
(prospective)

25 (41) 12 SRS (76% or SRT Tras/Per (79%), 
T-DM1 (12%)

1 grade 2 RN 91% (1 year)

Khatri et al. 
2023

22 (135) 20.8 SRS (72%) or 
SRT

Tucatinib 4% (lesion)
(2 years)

94% (1 year)
82% (2 years)

44% concurrent
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Symptomatische 
Therapie von Hirnmetastasen

Oxford

LoE GR AGO
§ Antikonvulsiva nur bei Anfallssymtomatik 3a C +

§ Glukokortikoide nur, wenn Symptome und / oder 
Verdrängungseffekt (Dexamethason mit größter Evidenz) 

3a C ++

§ Für Pat. mit schlechter Prognose best supportive care, und /  
oder palliative Versorgung ohne weitere Therapie als Option 

5 D +

§ Bevacizumab (zur Einsparung von Corticosteroiden) 4 D +/-

§ Bevacizumab zur Behandlung der Corticosteroid-refraktären 
Radionekrose*

4 D +

* Für Dosierung und Intervall siehe unter anderem Bernhardt et al. Strahlenther Onkol 2022. 198: 971-883
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Oxford

LoE GR AGO

§ Interdisziplinäre Behandlungsplanung (Tumorboard) 5        D ++

§ Systemische Therapie als alleiniger Behandlungsansatz

§ HER2-pos. bei oligo-/ asymptomatischen aktiven BM* 2b C +

§ HER2-negativ 5 D +/-

§ Beibehalten des aktuellen Therapieschemas bei Erstdiagnose
zerebraler Metastase und  bei extrazerebral stabiler
Erkrankungssituation**

2c C +

Systemische Therapie von Hirnmetastasen:
Allgemeine Grundsätze

*   vorausgesetzt: Schema mit nachgewiesener Aktivität bei aktiven Hirnmetastasen 
** vorausgesetzt: Adäquate lokale Therapie der Hirnmetastasen



© AGO e. V.
   in der DGGG e.V. 
   sowie 
   in der DKG e.V.

   Guidelines Breast 
   Version 2026.1D

www.ago-online.de

Systemische Therapie bei aktiven Hirnmetastasen: 
HER2 positiv

Oxford

LoE GR AGO

§ Tucatinib + Trastuzumab + Capecitabin 1b B +

§ Trastuzumab-Deruxtecan1 2b A +

§ Lapatinib + Capecitabin 2b B +/-

§ T-DM11 4 B +/-

1   Hinweis auf erhöhtes Risiko für Radionekrosen im Falle einer Radiochirurgie / stereotaktischen RT in Kombination mit ADCs.
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Leptomeningeosis carcinomatosa 
Therapie

LoE GR AGO
Intrathekale oder intraventrikuläre Therapie

§ MTX 10-15 mg 2-3 x/Woche (+/- Folsäure-Rescue) 2b B +/-

§ Steroide 4 D +/-

§ Trastuzumab (HER2-pos.) 3a C +/-

Systemtherapie (wie bei cerebraler Metastasierung) 2b B +

Radiotherapie

§ Fokal (bei größerem Tumorvolumen) 4 D +

§ WBRT 4 D +

§ Kraniospinale Achse 2b B +/-

Best supportive care in Abhängigkeit von AZ und Therapieoptionen 5 D +/-

Oxford
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Craniospinal Irradiation with Protons for Patients 
with Leptomeningeal Disease

§ Prospective randomized phase II-trial (n = 63, 2020-21), median follow-up 27 months

§ Inclusion criteria: metastatic non-small cell lung cancer (NSCLC; n = 36) or breast cancer (n = 26), LMD 
established radiographically and / or through CSF cytology. Karnofsky performance score ≥ 60; adequate bone 
marrow function

§ Randomization (2:1) to proton craniospinal irradiation (CSI, 10 x 3 Gy) or photon involved field radiotherapy (IFRT, 
10 x 3 Gy). 

§ Treatment-associated toxicity grade 3-4 toxicity with proton CSI: Lymphopenia grade III: 55%, grade IV: 17%, 
fatigue grade III: 2%, pain grade III: 2%, vomiting grade III: 2%. 

§ Limitations: Availability and reimbursement of proton radiotherapy, equivalence of photon CSI to proton CSI. 

Proton CSI Photon IFRT Hazard ratio p-value

CNS-PFS 8.2 months 2.3 months 0.14 (0.06-0.30) < 0.001

OS 11 months 4.9 months 0.50 (0.27-0.94) 0.03


