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Estrogen receptor (ER/ESR1), progesterone receptor (PR/PGR) and human epidermal growth 
factor receptor 2 (HER2/ERBB2) are routinely assessed by immunohistochemistry (IHC) during 
workup of breast cancer samples. The routine use of Ki67 (MKI67) IHC assessment in the 
context of breast cancer subtyping, however, remains controversial, due to poor reproducibility 
and lack of standardization.  
The MammaTyper® test is a CE-marked in-vitro diagnostic (IVD) test which measures the 
expression status of the four breast cancer biomarkers ERBB2, ESR1, PGR and MKI67 on the 
mRNA level via reverse transcription-quantitative PCR (RT-qPCR) and has demonstrated a high 
degree of reproducibility in the assessment of the four markers. 
In this retrospective analysis we assessed the prognostic power of molecular subtyping by 
MammaTyper® in archived samples from low risk early breast cancers treated with adjuvant 
endocrine therapy only. 

Inclusion criteria for this retrospective analysis were: 1) FFPE samples from female invasive 
breast cancer, 2) ER positive and HER2 negative according to initial diagnosis by IHC/ISH, 3) No 
distant metastasis at time of diagnosis, 4) Treatment with adjuvant endocrine therapy alone 
(no use of chemotherapy).  
Samples and data were obtained through PATH Biobank (Munich) and ƛǘΩǎ network of six 
different breast cancer centers in Germany, who provided the samples to BioNTech 
Diagnostics. FFPE sections were made from routine patient diagnostic material, collected 
between 2005 and 2011. Ethical approval of the processes of PATH Biobank was done by ethics 
committee of the medical faculty of the University of Bonn (255/06). All patients had provided 
individual, written informed consent for the storage of samples and data, follow-up contact, 
and further use of samples and data for research purposes. 

Histology: Tumor cell content (TCC) was determined on a 3µm H&E stained slide by comparing 
the surface covered by tumor cells with the surface of the complete tissue. TCC was defined as 
the ratio of areas covered by invasive carcinoma in relation to the area covered by DCIS and by 
non-neoplastic tissue (connective-, necrotic-, scar-, adipose tissue).  
RNA extraction: For samples with a minimum TCC of 20% RNA was extracted from one 10µm 
section per block using the bead-based RNA purification kit (RNXtract®) according to the 
ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ instructions. 
RT-qPCR: MammaTyper® RT-qPCR was carried out according to ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ instructions on 
a CFX96TM system (BioRad) using total RNA from RNXtract® eluates as input. Expression values 
were classified as positive or negative for each marker based on pre-defined cutoff values. 
Tumor subtypes were assigned to each sample based on the combination of binary (pos/neg) 
single marker expression status according the St Gallen surrogate subtype definition (TABLE 1). 
Statistics: Distant disease free survival of MammaTyper® Luminal A-like samples vs. samples 
with other subtypes was assessed by Kaplan Meier analysis, log rank test and Cox regression 
analysis. Prognostic power of MammaTyper® subtypes was also assessed in a multivariable Cox 
regression model including tumor size, nodal status and grading. All analyses were carried out 
in SAS 9.4. P-values <0.05 were considered significant. Graphic was prepared in JMP. 

From the initially included 389 samples 67 sample were excluded resulting in 322 
samples in the final analysis (FIGURE 1). In the analysis set the median follow up time 
was 7.4 years and the rate of distant recurrence was 8.7%. Basic tumor characteristics 
are shown in TABLE 2. 

 MammaTyper® Subtype 
Subtype 

Distant event 

No Yes 

N % N % N % 

Luminal-A-like 195 60.6 185 94.9 10 5.1 

Luminal-B-like (HER2 negative) 119 37.0 103 86.6 16 13.4 

Luminal-B-like (HER2 positive) 2 0.6 2 100 0 0 

Triple negative (ductal) 4 1.2 3 75.0 1 25.0 

Not defined by St Gallen (ESR1-/PGR+)  2 0.6 1 50.0 1 50.0 

TOTAL 322 100 294 91.3 28 8.7 

  Hazard Ratio 

Parameter Effect Estimate 
lower 

95% CL 

upper 

95% CL 
p-value 

Tumor subtype Luminal-A-like Luminal-A-like 0.415 0.180 0.959 0.0395 

T-stage Increase by '+1' 2.137 1.201 3.802 0.0098 

N-stage Increase by '+1' 1.540 0.933 2.539 0.0910 

Tumor grading Increase by '+1' 1.897 0.778 4.627 0.1591 

Determination of HER2, ER, PR and Ki67 mRNA levels allows molecular subtyping according 
to the St Gallen surrogate subtype definition. Low risk of distant recurrence could be 
confirmed for the MammaTyper® Luminal A-like samples suggesting that for this patient 
group endocrine treatment alone may be sufficient. The high degree of standardization of 
mRNA measurement may drive the use of the Ki67/MKI67 biomarker in routine breast 
cancer pathology. 

TABLE 1: Translation of MammaTyper® single marker results into molecular subtypes according to St 
Gallen classification (2013)  

Blocks received 
N = 389 

¢ǳƳƻǊ ŎŜƭƭ ŎƻƴǘŜƴǘ җнл҈ 
N = 343 

Valid qPCR result 
N = 337 

Tumor cell content <20% 
N = 46 

Invalid qPCR result 
N = 6 

Clinical data available 
N = 329 

No clinical data 
N = 8 

M0 at diagnosis 
N = 328 

Metastasis at diagnosis 
N = 1 

ESR+/HER2- according to IHC/ISH 
N = 324 

ER- /HER2+ according to IHC 
N = 4 

Included into analysis 
N = 322 

No follow up time available 
N = 2 

In this cohort of routine samples from patients which were treated by endocrine therapy 
only, mRNA based subtyping using MammaTyper® identified ~60% of samples as Luminal 
A-like and 37% as Luminal B-like (HER2 negative). Interestingly MammaTyper® also 
identified 4 samples as Triple negative, 2 samples as ERBB2 positive/Luminal B-like (HER2 
positive) and 2 samples as ESR1 negative and PGR positive/Not defined by St Gallen. 
Among the 6 ESR1 negative samples there were 2 distant events (33%). The rate of distant 
events was low in the Luminal A-like samples (5.1%) and higher in the Luminal B-like (HER2 
negative) samples (13.4%) (TABLE 3).  
 
When analyzing samples from patients with up to 3 positive lymph nodes (316 samples) 
the rates of distant recurrence were 4.6% and 12.2% for Luminal A-like and Luminal B-like 
(HER2 negative) samples, respectively. In the subgroup of node negative patients (278 
samples) the distant event rates were 4.1% and 12.0% for Luminal A-like and Luminal B-
like (HER2 negative) samples, respectively.  

ERBB2 ESR1 PGR MKI67 St Gallen Subtype 

pos pos pos pos Luminal B-like (HER2 positive) 

pos pos pos neg Luminal B-like (HER2 positive) 

pos pos neg pos Luminal B-like (HER2 positive) 

pos pos neg neg Luminal B-like (HER2 positive) 

pos neg pos pos Not defined 

pos neg pos neg Not defined 

pos neg neg pos HER2 positive (non-luminal) 

pos neg neg neg HER2 positive (non-luminal) 

neg pos pos pos Luminal B-like (HER2 negative) 

neg pos pos neg Luminal A-like 

neg pos neg pos Luminal B-like (HER2 negative) 

neg pos neg neg Luminal B-like (HER2 negative) 

neg neg pos pos Not defined 

neg neg pos neg Not defined 

neg neg neg pos Triple negative (ductal) 

neg neg neg neg Triple negative (ductal) 

FIGURE 1: Flow Diagram showing sample selection 

TABLE 2: Basic tumor characteristics 

FIGURE 2: Kaplan Meier analysis of MammaTyper® Luminal A-like vs. other subtypes in the set of 322 patients 

TABLE 5: Multivariable Cox regression analysis in the full set of 322 patients.  

TABLE 3: Distribution of MammaTyper® subtypes according to distant event occurrence  
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Age [years]   Histological subtype N %   Breast-conserving surgery N % 

Min 37.7   Invasive ductal 243 75.5%   Yes 279 86.6% 

P25% 55.7   Invasive lobular 63 19.6%   No 43 13.4% 

Median 62.46   Tubular 7 2.2%         

P75% 69.3   Mucinous 5 1.6%   T-stage N % 

Max 83.5   Other 4 1.2%   pT 1 262 81.4% 

              pT 2 56 17.4% 

N-stage N %     pT 3 4 1.2% 

pN 0 278 86.3%   Menopausal status N %         

pN 1 38 11.8%   Premenopausal 32 9.9%   Tumor grading N % 

pN 2 2 0.6%   Perimenopausal 6 1.9%   G1 83 25.8% 

pN 3 3 0.9%   Postmenopausal 258 80.1%   G2 224 69.6% 

NA 1 0.3%   NA 26 8.1%   G3 15 4.7% 

Hazard Ratio Log-Rank Test 

Effect Subset Estimate 
lower 
95% CL 

upper 
95% CL 

p-value p-value 

Luminal-A-like vs. 
other subtypes 

all patients 0.350 0.161 0.758 0.0078 0.0053 
0-3 positive nodes 0.370 0.162 0.846 0.0184 0.0141 

node negative 0.344 0.137 0.866 0.0234 0.0177 

TABLE 4: Cox regression and log rank analysis: Luminal A-like vs. other subtypes for different patient subsets 

Cox regression and log rank analysis confirmed MammaTyper® Luminal A-like subtype as 
significant predictor of distant recurrence (TABLE 4). Luminal A-like subtype remained an 
independent prognostic factor also in multivariable analysis (TABLE 5). 
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Patients at risk

Luminal A-like 195 195 191 184 140 64 5

other subtypes 127 126 121 113 81 41 4

p = 0.0053


