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Genexpression und weitere Prognosemarker 
in Stanzbiopsien und Residualtumoren –
bereit für die klinische Anwendung? 

Prof. Dr. med. Carsten Denkert 
Institut für Pathologie
Philipps-Universität Marburg
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Intrinsische Subtypen – seit 2000
3

Breast cancer 
intrinsic molecular 

subtypes

Perou et al. Nature (2000), 
PMID: 10963602

Luminal A

Luminal B

HER2-enr.

Triple-neg.
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Subtyp-spezifische Therapie (St. Gallen 2011)
4

Breast cancer 
intrinsic molecular 

subtypes 

Perou et al. Nature (2000), 
PMID: 10963602

Luminal A

Luminal B

HER2-enr.

Triple-neg.
Cytotoxic 
therapy 

anti-HER2 ± 
cytotox. ± endoc.Tx

Endocrine ± 
cytotoxic therapy

Endocrine 
therapy alone

subtype-specific therapy

Goldhirsch et al, Ann. Oncol. 2011
PMID: 21709140
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Seit 2021 – immer komplexere Therapiealgorithmen

Breast cancer 
molecular subtypes

Luminal A

Luminal B

HER2-enr.

Triple-neg.

German Clinical Guideline 2025/26

5
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6

new “subtypes”       

HER2-low breast cancer
ER-low breast cancer

Lymphocyte predom. BC
PIK3Ca mut. breast cancer
BRCA mut. breast cancer

Increased diversity: complex therapy + new „subtypes“ 

additional therapy options

immune checkpoint inhib.
PARP inhibitors

PIK3Ca inhibitors
AKT inhibitors

SERDs
CDK4/6 inhibitors

anti-HER2 ADCs (T-DM1)
anti-HER2low ADCs (T-Dxd)

anti-TROP2 ADCs
(bispecific antibodies)
(ADC-immunTx comb.)

Loibl, et al. Lancet 2021; 
Loibl, et al. Ann Oncol. 2024
Loibl et al, NEJM 2025

Denkert et al, Lancet Oncol. 2021; Denkert et al. Lancet Oncol. 2018;  
Villegas et al. Eur. J. Cancer 2021;  Jank et al., Clin. Canc. Res, 2024 
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TNBC – molekulare Subtypen, z.B. Burstein Subtypes 

Breast cancer 
molecular subtypes

Luminal A

Luminal B

HER2-enr.

Triple-neg.

7

BLIA = immun-aktiviert

BLIS = immun-supprimiert

Clin. Cancer Res, 2015
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GBG 2025/26 – Update: Subtypisierung des Mammakarzinoms

 HRpos/HER2neg Mammakarzinom  - Adaptive Subtypen
 TNBC – Kombination von TILs und Immun-Subtypen
 Residualtumor – Kombination von Proliferationsmarkern und TILs
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GBG Biobank – Grundlage der translationalen Forschung
• >59.000 FFPE samples from 

• >30.000 patients in 44 clinical trials
• therapy-response data + survival data

• all samples centralized at UMR; 3.500 RNA datasets; 
• clinical trial network of GBG – ongoing new trials

PARP inhibitors

PIK3Ca inhibitors

anti-TROP2 ADCs

anti-HER2 ADCs (T-
DM1)

CDK4/6 inhibitors

immune checkpoint 
inhibitors

adjuvant CTX

neoadjuvant CTX Forschungsanträge: 
Trafo-Board der GBG



Changes of breast cancer subtypes during therapy

During chemotherapy 
“lumB to lumA”

pre-NACT                          post-NACT
N=540

Denkert et al., Cancer Cell 2025



Changes of breast cancer subtypes during therapy

During chemotherapy 
“lumB to lumA”

In metastatic disease
“back to lumB”

pre-NACT                          post-NACT pre-NACT          post-NACT        metastasis
N=540

N=29

Denkert et al., Cancer Cell 2025
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tumor adaptation during therapy

Tumor heterogeneity and adaptation
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tumor adaptation during therapy

How can we improve risk-prediction in breast cancer?



comparison of 540 paired tumor samples before and after therapy

Penelope-B breast cancer trial
HR-pos, HER2-neg, without response to chemotherapy

335 DEGs



clustering based on 335 differentially expressed genes 

Denkert et al., Cancer Cell 2025



pre-therapeutic tumors
post-therapeutic tumors

clustering based on 335 differentially expressed genes 

Denkert et al., Cancer Cell 2025



pre-therapeutic tumors: five adaptive clusters AC-1 to AC-5

AC-1         AC-2       AC-3        AC-4    AC-5

Denkert et al., Cancer Cell 2025



pre-therapeutic tumors: prognostic relevance of AC-clusters

AC-1         AC-2       AC-3        AC-4    AC-5

AC-2

AC-1

AC-4

AC-3
AC-5

Denkert et al., Cancer Cell 2025
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Similarily of UMAP 
and AC clusters

335 genes
1080 tumors (540 pairs)

Denkert et al., Cancer Cell 2025
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UMAP clusters are prognostic in Penelope – similar to AC 
clusters

1

2

3

UMAP cluster 1

UMAP cluster 2

UMAP cluster 3

Denkert et al., Cancer Cell 2025
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AC-1         

AC-2               
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Adaptive Subtypen beim Mammakarzinom

1. Tumoren verändern sich unter
der Therapie

2. Wenn wir diese Veränderungen
kennen, können wir die Prognose 
besser vorhersagen.

3. AC-subtypes als neue Option für 
eine prognostische Klassifikation
beim luminalen
Mammakarzinom.
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GBG 2025/26 – Update der Subtypisierung des Mammakarzinoms

 HRpos/HER2neg Mammakarzinom  - Adaptive Subtypen
 GeparDouze Immuntherapie – Kombination von TILs und Immun-Subtypen
 Residualtumor – Kombination von Proliferationsmarkern und TILs
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 TILs in complete trial cohort (n=1543)
• 3 stromal TIL groups: low <10%, intermed. 10-29%, high ≥30%
• pCR, EFS, atezolizumab response

 TNBC subtypes for immunotherapy response 
(TNBC4-IR, n=482)

• BLIA: basal-like immune-activated,
• BLIS: basal-like immunosuppressed,
• LAR: luminal androgen receptor,
• MES: mesenchymal
• modified subtyping (Burstein et al.1, Bissanum et al.2)

 TNBC6: BL1, BL2, IM, MES, M, LAR3  as well as gene expression 
analysis: will be reported separately

GeparDouze translational research

Gene expression analysis 
(n=482) HTG OBP (2549 genes)

LAR

MES 

BLIS

BLIA TNBC 
subtyping 
TNBC4-IR

TNBC >2 cm and/or cN+; N= 1520

rando 1:1

surgery & ax. staging

atezo (1y)plac (1y)

NACT+atezoNACT+plac

clinical trial

1. Burstein et al. Clin Cancer Res. 2015, PMID: 25208879; 
2. Bissanum et al. J Pers Med. 2021 PMID: 34575658; 
3. Lehmann et al, J Clin Invest. 2011, PMID: 21633166.

mailto:publications@gbg.de
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 high TILs: improved EFS 
(p=0.0001), no difference for 
low and intermediate TILs

TILs: increased pCR and improved EFS 
(complete cohort, n=1543)*

* no TIL data for 7 patients (core biopsies from lymph node)  

tumors sorted by ascending TIL levels (n=1543)

low TILs 
(<10%)

intermediate 
TILs (10-29%)

high TILs 
(≥30%)

st
ro

m
al

 T
IL

s 
(%

)

22.7% 39.5% 37.8%

 increased TILs: improved pCR
rate (p=0.0002 and p<0.0001)

low         intermed high

39.7%

52.1%

68.6%
0.0002

<0.0001
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high TILs

low and intermed. TILs

N=1543Ev
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)

months
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 improved EFS with atezolizumab in pts with 
high TILs (≥30%, p=0.02) 

 no significant difference for low & intermediate 
TILs 

TILs and atezolizumab treatment 

 atezolizumab: numerically increased pCR
rate in all 3 TIL groups

low            intermed high

Atezo
Placebo

pC
R

ra
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 (%
)

atezo

placebo

p=0.02

high TILs, n=583
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months  
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BLIA and BLIS as main subtypes

BLIS
35.5% BLIA

51.9%

LAR
7.7%

MES
5 %

 Highly significant differences in pCR rate for 
TNBC4-IR, complete cohort

 improved EFS for BLIA compared 
to BLIS (p=0.02), complete cohort

<0.0001

0.02
0.08

pC
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 (%
)

BLIA       BLIS       LAR      MES

BLIA

BLIS

N=421
p=0.02Ev
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Comparison of TILs and TNBC-subtypes
heterogeneity of intermediate TILs

low 
TIL

s

inter-
mediate 

TILs

high
TILs BLIA

BLIS

LAR

MES

77%

51%

39%

 intermed. TILs: heterogeneous 
mixture of BLIA and BLIS

 improved EFS with atezolizumab 
only in BLIA tumors

atezolizumab

placebo

TNBC4-IR BLIS

BLIS, N=171, p=0.11

months

atezolizumab
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TNBC4-IR BLIA
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GeparDouze translationale Forschung - Ergebnisse

 Positive Wirkung von Atezolizumab auf EFS bei immunaktivierten Tumoren
 definiert als entweder TILs ≥ 30 % oder BLIA-Subtyp

 Tumoren mit intermediären TILs sind heterogen (gemischt BLIA & BLIS)
 Kombination aus Immunaktivierung und -erschöpfung

 Ziel: TNBC-Subtypisierung als Standard etablieren

 Neue Optionen für Immuntherapie-Biomarker:
 Identifizierung von Tumoren mit hohen TILs: Die meisten davon sind BLIA-Tumoren
 Bewertung des BLIA-Subtyps bei Tumoren mit intermediären TILs 
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Prognostic Markers in Residual Tumors after Neoadjuvant Chemotherapy (NACT) for
Early Triple-Negative Breast Cancer (TNBC) – a Pooled Analysis from nine
Neoadjuvant GBG/AGO-B Trials
Johannes Holtschmidt1, Andreas Schneeweiss2, Nadine Frickel3, Natalie Filmann1, Michael Untch4, Andreas Hartkopf5, Volkmar
Müller6, Christine Solbach7, Marion van Mackelenbergh8, Jens-Uwe Blohmer9, Kristina Lübbe10, Thomas Karn11, Frank Holms12, Peter
A. Fasching13, Paul Jank3, Maren Darsow14, Frederik Marmé15, Michael Braun16, Elmar Stickler17, Rudolf Weide18, Tanja Fehm19,
Christian Schem20, Annika Eidmann3, Bärbel Felder1, Sibylle Loibl1,21, Carsten Denkert3,22

1 GBG Forschungs GmbH, Neu-Isenburg, Germany; 2 Division of Gynaecological Oncology, National Center for Tumor Diseases, University Hospital and German Cancer Research Center, Heidelberg, Germany; 3 Institute of
Pathology, Philipps-University Marburg, Marburg, Germany; 4 Department of Obstetrics and Gynecology, Interdisciplinary Breast Cancer Center, Medical School Berlin, Helios Kliniken Berlin-Buch, Berlin, Germany; 5 Department of
Women's Health, University Hospital Tübingen, Tübingen, Germany; 6 Department of Gynecology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany; 7 Breast Unit, University Medical Center, Goethe-University
Frankfurt, Frankfurt am Main, Germany; 8 Department of Gynecology and Obstetrics, University Hospital of Schleswig-Holstein, Campus Kiel, Kiel, Germany; 9 Department of Gynecology with Breast Center, Charité -
Universitätsmedizin Berlin, Berlin, Germany; 10 Breast center, Diakovere Henriettenstift, Breast Center, Hannover, Germany; 11 Department of Gynecology and Obstetrics, University of Frankfurt, UCT Frankfurt-Marburg, Frankfurt
am Main, Germany; 12 Department of Obstetrics and Gynecology, St. Barbara-Klinik Hamm-Hessen GmbH, Germany; 13 Department of Gynecology and Obstetrics, University Hospital Erlangen, Comprehensive Cancer Center
Erlangen-EMN, Erlangen, Germany; 14 Competence Centre for Breast Surgery and Breast Health, Luisenkrankenhaus Düsseldorf, Düsseldorf, Germany; 15 University Medical Center Mannheim, University of Heidelberg, Mannheim,
Germany; 16 Breast Cancer Center, Department of Gynecology, Red Cross Hospital, Munich, Germany; 17 Breast Center, Department of Gynecology and Obstetrics, RWTH University Hospital Aachen, Aachen, Germany; 18
Department of Hematology and Oncology, Praxis für Haematologie und Onkologie, Koblenz, Germany; 19 Department of Gynecology and Obstetrics, University Hospital Düsseldorf, Düsseldorf, Germany; 20 Mammazentrum
Hamburg, am Krankenhaus Jerusalem, Hamburg, Germany; 21 Goethe University Frankfurt, Germany; 22 University Hospital Marburg (UKGM), Marburg, Germany

-This is a joint study by GBG and AGO-B-
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Consort Flow Diagram & Methods

Data from 3017 pts with early TNBC (ER/PR<1%), who were enrolled in nine neoadjuvant randomized 
controlled (RC) GBG /AGO-B trials (GeparTrio, GeparQuattro, GeparQuinto, GeparSixto, GeparSepto, 
GeparOcto, GeparNuevo, GeparOla, and GeparX) were included.

N=3017
All TNBC pts from 
9 RC NACT trials

N=1512
no residual tumor of the 

breast after NACT

N=1505
with ypT>0

N= 640 ypT>0/is
with prospectively collected 
samples evaluable for Ki67 

and TILs assessment

N=865
no samples of residual 

invasive tumors available 
or not evaluable

 Central assessment for Ki67 and TILs

 Landmark analyses for survival were 
performed with the landmark set at the 
time of surgery (Log-rank stratified by 
study/Cox PH regression with study as 
random effect)

• DDFS (Primary endpoint)

• OS

mailto:publications@gbg.de
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 Ki67 >15% vs ≤15% in residual tumors was associated with significantly worse DDFS 
and OS

 A significant increase in relative risk (HR) for DDFS/OS events by 9.4%/10.7% for each 
10% increase in Ki67 in residual tumors was observed

Ki67 >15% vs <15% in Residual Tumors
DD

FS

O
S

Events/n 5y DDFS HR (95% CI)

Ki67<15% 98/285 70.0% (64.6-75.8) 1.71 (1.33-2.21)
p<0.0001

Ki67>15% 165/335 52.8% (47.5-58.6)

Events/n 5y OS HR (95% CI)

Ki67<15% 68/286 78.6% (73.7-83.8) 2.02 (1.51-2.71) 
p<0.001

Ki67>15% 141/339 58.5% (53.3-64.3)

Ki67<15%

Ki67>15%

Ki67<15%

Ki67>15%

mailto:publications@gbg.de
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 TILs >50% in residual tumors were associated with a significantly improved OS and a clear 
trend towards improved DDFS

 TILs in residual tumors were associated with a significant relative reduction of 6.3%/8.7% in 
risk (HR) for DDFS/OS events for each 10% increased TILs level at surgery.

Events/n 5y DDFS HR (95% CI)

TILs>50% 46/130 70.5% (62.9-79) Reference

TILs 11-49% 137/313 58.2% (52.8-64.2) 1.35 (0.97-1.89) p=0.076

TILs <10% 80/177 57.7% (50.5-65.8) 1.41 (0.98-2.03) p=0.066

DD
FS O
S

TILs >50% vs 11%-49% vs <10% 
in Residual Tumors

Events/n 5y OS HR (95% CI)

TILs>50% 33/130 75.9% (68.5-84.1) Reference

TILs 11-49% 110/316 65.8% (60.5-71.5) 1.55 (1.05-2.29) p=0.027

TILs <10% 66/179 65.2% (58.1-73) 1.64 (1.07-2.50) p=0.0220

TILs <10%

TILs 11-49%

TILs>50%

TILs>50%

TILs 11-49%

TILs <10%

mailto:publications@gbg.de
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Combined Ki67 & TILs in Residual Tumors
Events/n 5y DDFS HR (95% CI)

Ki67<15% & TILs >50% 15/59 83.7% (74.5-94.1) Reference

Ki67<15% & TILS <50% 83/226 66.3% (60.1-73.1) 1.66 (0.96-2.89) p=0.07

Ki67>15% & TILS >50% 120/259 55.8% (49.9-62.4) 2.35 (1.37-4.03) p=0.002

Ki67>15% & TILS <50% 45/76 42.4% (32.2-55.8) 3.62 (2.00-6.52) p<0.0001

Events/n 5y OS HR (95% CI)

Ki67<15% & TILs >50% 6/59 92.1% (84.9-99.9) Reference

Ki67<15% & TILS <50% 62/227 75.0% (69.3-81.2) 3.12 (1.35-7.21) p=0.008

Ki67>15% & TILS >50% 101/262 61.5% (55.6-67.9) 4.77 (2.09-10.91) p=0.0002

Ki67>15% & TILS <50% 40/77 48.0% (37.4-61.7) 7.57 (3.19-17.94) p<0.0001

DD
FS O
S

∆44.1% at 5y∆41.3% at 5y

Ki67<15% & TILS <50%

Ki67>15% & TILS >50%

Ki67>15% & TILS <50%

Ki67<15% & TILs >50%

Ki67<15% & TILs >50%

Ki67<15% & TILS <50%

Ki67>15% & TILS >50%

Ki67>15% & TILS <50%

mailto:publications@gbg.de


Der Inhalt ist urheberrechtlich geschützt und liegt in der Verantwortung des Autors. Eine Weiterverwendung ist nur mit Genehmigung zulässig..
Content of this presentation is copyright and responsibility of the author. Permission is required for re-use. / 2026

23. ANNUAL SCIENTIFIC MEETING

The next generation of breast cancer subtyping 

 Adaptiv: 
 Subtypen verändern sich unter Therapie
 aktuell: Validierung an SASCIA

 Molekular: 
 zusätzliche Genassays zur Subtypisierung beim TNBC
 TNBC4-IR als “GBG Standard” zur Subtypisierung entwickeln

 Integrativ: 
 Kombination von TILs und TNBC-Subtypes
 Kombination von TILs und KI67

 Räumlich: 
 Fokus auf verschiedenen Zellen im Tumorgewebe
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