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Abstract

Introduction: Triple-negative breast cancer (TNBC) is con-
sidered the most aggressive type of breast cancer (BC) with
limited options for therapy. TNBCis a heterogeneous disease
and tumors have been classified into TNBC subtypes using
gene expression profiling to distinguish basal-like 1, basal-
like 2, immunomodulatory, mesenchymal, mesenchymal
stem-like, luminal androgen receptor (LAR), and one non-
classifiable group (called unstable). Objectives: The aim of
this study was to verify the clinical relevance of molecular

subtyping of TNBCs to improve the individual indication of
systemic therapy. Patients and Methods: Molecular subtyp-
ing was performed in 124 (82%) of 152 TNBC tumors that
were obtained from a prospective, multicenter cohort in-
cluding 1,270 histopathologically confirmed invasive, non-
metastatic BCs (NCT 01592825). Treatment was guideline-
based. TNBC subtypes were correlated with recurrence-free
interval (RFI) and overall survival (OS) after 5 years of obser-
vation. Results: Using PAM50 analysis, 87% of the tumors
were typed as basal with an inferior clinical outcome com-
pared to patients with nonbasal tumors. Using the TNBC-
type-6 classifier, we identified 23 (15%) of TNBCs as LAR sub-
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type. After standard adjuvant or neoadjuvant chemothera-
py, patients with LAR subtype showed the most events for
5-year RFI (66.7 vs. 80.6%) and the poorest probability of
5-year OS (60.0 vs. 84.4%) compared to patients with non-
LAR disease (RFI: adjusted hazard ratio [aHR] = 1.87,95% con-
fidence interval [CI] 0.69-5.05,p=0.211; OS: aHR = 2.74,95%
Cl 1.06-7.10, p = 0.037). Conclusion: Molecular analysis and
subtyping of TNBC may be relevant to identify patients with
LAR subtype. These cancers seem to be less sensitive to con-
ventional chemotherapy, and new treatment options, in-
cluding androgen receptor-blocking agents and immune
checkpoint inhibitors, have to be explored.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Triple-negative breast cancer (TNBC) comprises 10—
15% of newly diagnosed invasive breast cancers (BCs).
TNBC is characterized by lack of expression of estrogen
receptor (ER), lack of progesterone receptor (PR), and
lack of expression or amplification of the human epider-
mal growth factor receptor 2 (HER2). The steroid hor-
mone receptor status and HER2 status of tumors are rou-
tinely determined at the time of diagnosis by histopathol-
ogy. Therapeuticdecisionsarebased onstatusinformation
according to current guidelines. Compared to patients
with hormone receptor-positive cancers, TNBC patients
are often younger, their tumors are larger in size, and tri-
ple-negative cancers are more likely of undifferentiated
grading [1].

Both the biology of TNBC and the clinical course of
the disease are characterized by a strong heterogeneity
[2]. This heterogeneity is probably caused by a rather high
rate of somatic mutations and genetic instabilities fol-
lowed by differential gene expression [3]. Patients with no
residual invasive disease in breast and lymph nodes after
conventional neoadjuvant chemotherapy (NACT), de-
fined as pathological complete responders, have a high
likelihood of cure. In contrast, for those with a generally
poor prognosis, TNBC patients without pathological
complete response (pCR) can be offered additional post-
neoadjuvant therapies after surgery, such as capecitabine,
but with limited effect [4]. Hence, there is an urgent med-
ical need to identify those TNBC patients who are at very
high risk of recurrence and who may benefit from addi-
tional therapy [5].

Roughly 75% of TNBCs are classified as basal tumors
based on respective gene expression signatures [6, 7].
Most of the remaining TNBC tumors represent a non-
basal intrinsic expression pattern, mostly HER2-en-
riched, followed by Luminal B and Luminal A [8]. Focus-
ing on TNBC tumors as a clinically heterogeneous group,
Lehmann et al. [9] used gene expression profiles from 14
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public data sets and identified 18% of cases with TNBCs.
Furthermore, the authors defined six stable subtypes, all
of which could be identified by specific biological path-
ways, and one unstable group (UNS), which included all
samples that could not be allocated to one of the six stable
subtypes [10]. The basal-like 1 (BL1) subtype is marked
by genes involved in cell cycle and cell division pathways
as well as in DNA damage response. Basal-like 2 (BL2) is
associated with growth factor enrichment. These two bas-
al-like subtypes show a high rate of mutations. The mes-
enchymal (M) subtype is characterized by genes involved
in cell motility, extracellular receptor interaction, and cell
differentiation. The luminal androgen receptor (LAR)
subtype could be identified by genes involved in hormon-
ally regulated pathways, including steroid synthesis as
well as androgen and estrogen metabolism. The remain-
ing two subtypes are the mesenchymal stem-like (MSL)
subtype that expresses genes involved in cell motility and
processes of epithelial to mesenchymal transition, and the
immunomodulatory (IM) subtype characterized by im-
mune cell signaling. Both subtypes were excluded from
the subtyping TNBCtype-6 classifier, arguing that their
signatures may originate from cancer-associated stromal
and immune cells (e.g., tumor-infiltrating lymphocytes
[TILs]) rather than from cancer cells directly. This led to
the condensed TNBCtype-4 classifier with four stable
subtypes (BL1, BL2, M, and LAR) [11]. The web-based
TNBC subtyping tool (https://cbc.app.vumc.org/tnbc/)
can be used for calculation of subtype-specific coefti-
cients and p values which can be used for classification of
TNBC samples according to the TNBCtype-6 and TNBC-
type-4 classifier [12].

Applying these classifications, TNBC subtypes show
different responses to NACT and are associated with dif-
ferent clinical outcomes [11, 13]. The BL1 subtype has the
highest pCR rate, BL2 and LAR the lowest [14]. As there
are several ways to split TNBC into subgroups, currently
molecular approaches may help to overlook the diversity
of this heterogeneous disease [15].

We designed a multicenter study (n = 1,270; NCT
01592825) to evaluate the clinical, histopathological, and
biological markers of BC in routine clinical care [16-18].
Here, we focused on patients with TNBC (n = 152, 12%
of the total BC cohort) to assess whether molecular sub-
typing would uncover the heterogeneity of TNBC in our
patient cohort as a prerequisite to potentially integrate
this information into clinical routine. To this end, we ap-
plied recurrence-free interval (RFI) and overall survival
(OS) as endpoints and found that the classifier was indeed
helpful in subtyping TNBC tumors and identifying pa-
tients with LAR tumors at particularly high risk. The ul-
timate goal of this approach is to hopefully improve the
tailoring of treatment.

Hartung et al.
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Subjects and Methods

Study Design, Patients, and Tumors

We designed a prospective and unselected cohort of early BC
patients in accordance with the REMARK recommendations for
prognostic markers [19]. Between 2009 and 2011, 1,270 patients
from five certified breast cancer centers in Germany were enrolled
in the PiA study (Prognostic Assessment in Routine Application;
NCT 01592825). Patients were consecutively included at the time
of diagnosis and received either primary surgery (n = 1,070) or
neoadjuvant treatment before surgery (n = 200). All procedures for
diagnosis and treatment were applied according to the annually
updated German AGO Guideline valid at the respective time
(https://www.ago-online.de/leitlinien-empfehlungen/leitlinien-

empfehlungen/kommission-mamma).

Patients were recruited if the following inclusion criteria were
met: female, invasive, nonmetastasized BC; aged 18 years or older,
any tumor size, lymph node involvement, grading or receptor sta-

hormone receptor-negative. HER2 status was determined apply-
ing the DAKO score and, if necessary, by in situ hybridization
(ISH) [24]. Applying the recommendations of the International
TILs Working Group [25], the tumors were classified using H&E
staining according to the percentage of tumor stroma covered by
TILs, including the invasive margin (<10%, 10-60%, >60%). TILs
outside the tumor border, necrosis, and tertiary lymphoid struc-
tures were not considered [25].

In the total cohort of 1,270 patients, TNBC was diagnosed in
152 patients, and molecular subtyping was performed with 124
tumors (Fig. 1, GEO accession number GSE167213). Due to old
age or frailty, 10 TNBC patients (6.6%) did not receive any chemo-
therapy. These patients were included into the subtyping analysis,
but excluded from all survival analyses.

Following NACT, pCR was defined as the absence of invasive
cancer (ypT0/Tis ypNO) [26], and “total pCR” was used for the
stricter definition of no cancer cells at all (ypTO0 ypNO, total pCR)
in breast and axilla at the time of surgery.

tus (ER, PR, HER2) available. Patients with nonbreast second can-

cers were excluded. Tumors were staged according to the Union
for International Cancer Control TNM rules [20] and graded ac-
cording to Elston and Ellis [21]. TNBC was diagnosed using for-
malin-fixed, paraffin-embedded (FFPE) tumor material from sur-
gical excision on primary surgery or from core needle biopsies be-
fore neoadjuvant treatment. Local pathology results were used.
According to respective guideline recommendations, tumors
staining for ER and PR protein expression in <1% of tumor cells
or having an immune reactivity score <2 [22, 23] were considered

Molecular Subtyping of Triple-Negative
Tumors

Patient and Tumor Characteristics

The median age of patients in the TNBC cohort was 56 years;
37% were younger than 51 years at the time of diagnosis compared
to 24% in the non-TNBC group. Seventy percent of the TNBC tu-
mors were larger than 2 cm compared to 47% in non-TNBC cases.
Axillary involvement was 49 and 37%, respectively, and tumors
were undifferentiated (G3) in 60 and 20%, respectively.

The distribution of patient characteristics, as well as the histo-
pathological parameters of those TNBC tumors that were studied
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Table 1. Patient characteristics and histopathological parameters of the tumors used for subtyping

Parameters TNBCall TNBC TNBC TNBC primary TNBC primary TNBCNACT  TNBC NACT
(n=152)  and subtyping chemotherapy surgery surgeryand  (n=54) and subtyping
(n=124) and subtyping  (n =98) subtyping (n=33)
(n=115) (n=91)

Age at diagnosis

<35 years 11 (7%) 8 (6%) 8 (7%) 5 (5%) 5 (5%) 6 (11%) 3 (10%)

35-50 years 45 (30%)  35(28%) 35 (30%) 22 (23%) 20 (22%) 23 (43%) 15 (45%)

51-75 years 74 (49%) 60 (49%) 58 (51%) 50 (51%) 45 (50%) 24 (44%) 15 (45%)

>75 years 22 (14%) 21 (17%) 14 (12%) 21 (21%) 21 (23%) 1(2%) 0 (0%)

p value, x? 0.2802 0.5352 0.433° 0.559°

Tumor histology

Ductal (NST) 131(86%) 106 (86%) 98 (85%) 82 (84%) 75 (83%) 49 (91%) 31 (94%)

Lobular 7 (5%) 4 (3%) 4 (4%) 2 (2%) 2 (2%) 5 (9%) 2 (6%)

Others 14 (9%) 14 (11%) 13 (11%) 14 (14%) 14 (15%) 0 (0%) 0 (0%)

p value, x? 0.050? 0.1652 0.479° 0.309°

Tumor size at time of diagnosis

<2cm 46 (30%) 41 (33%) 39 (34%) 43 (44%) 38 (42%) 3 (6%) 3 (9%)

2-5cm 84 (55%) 68 (55%) 61 (53%) 50 (51%) 48 (53%) 34 (63%) 20 (61%)

>5cm 22 (15%) 15 (12%) 15 (13%) 5 (5%) 5 (5%) 17 (31%) 10 (30%)

p value, x2 0.1112 0.2052 0.296° 0.364°

Nodal status at time of diagnosis

Negative 77 (51%)  64(52%) 58 (51%) 58 (59%) 45 (59%) 19 (35%) 10 (30%)

Positive 75(49%) 60 (48%) 57 (49%) 40 (41%) 37 (41%) 35 (65%) 23 (70%)

p value, x2 0.620? 0.9232 0.909b 0.346°

Tumor differentiation

G1 1(1%) 1(1%) 1(1%) 1(1%) 1(1%) 0 (0%) 0 (0%)

G2 60(39%) 50 (40%) 46 (40%) 36 (37%) 32 (35%) 24 (44%) 18 (55%)

G3 91(60%) 73 (59%) 68 (59%) 61 (62%) 58 (64%) 30 (56%) 15 (45%)

p value, x? 0.794° 0.820° 0.500° 0.061°

Parameters TNBCall TNBC TNBC TNBC primary TNBC primary TNBCNACT  TNBC NACT

(n=133)  and subtyping chemotherapy surgery surgeryand  (n=38) and subtyping
(n=124) and subtyping  (n =95) subtyping (n=33)
(n=115) (n=91)

TiLs

<10% 37 (28%) 34 (28%) 31 (27%) 23 (24%) 21 (23%) 14 (37%) 13 (39%)

10-60% 71(53%) 66 (53%) 60 (52%) 51 (54%) 49 (54%) 20 (53%) 17 (52%)

>60% 25(19%) 24 (19%) 24 (21%) 21 (22%) 21 (23%) 4 (10%) 3 (9%)

p value, x? 0.8122 03122 0.353° 0.608°

Values are n (%) unless indicated otherwise. NACT, neoadjuvant chemotherapy; TNBC, triple-negative breast cancer. @ The p value de-
scribes the difference of parameters to all TNBCs (n = 152).? The p value describes the difference of parameters within the groups (n = 91

vs.n=98and n=33vs.n=51).

for molecular subtypes, was not statistically different (x?) from the
entire TNBC cohort. With regard to TIL evaluation, the TNBC
cohort contained more frequent high infiltration than the non-
TNBC cohort [27], and over half of the TNBC tumors (53%) were
assigned to the intermediate group with 10-60% TILs, 28% to the
low group, and 19% to the high group.

While two-thirds of TNBC patients received primary surgery
(n =98), 54 patients had surgery after NACT, with significant dif-
ferences for age, tumor size, and nodal status: 28 and 54% were
younger than 51 years, respectively; 56 and 94% had tumors larger
than 2 cm, respectively; and 41 and 65% were node-positive, re-
spectively (important parameters are summarized in Table 1).
Most of the TNBC patients treated with chemotherapy (n = 142)
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received taxane-anthracycline combination (67%, n = 96), 13%
(n = 18) anthracycline-free taxane-based chemotherapy, and 20%
(n = 28) anthracycline-based chemotherapy.

Endpoints and Outcome Assessment

We chose RFI as the first endpoint applying the Standardized
Definitions of Efficacy Endpoints criteria [28] which considerlocal
invasive recurrence, distant recurrence, and death from BC as
events. The second endpoint was OS (death from BC, non-BC
cause, and unknown causes). The median observation time was 63
months (9-88 months). For all survival analyses, only patients
treated with chemotherapy were considered (n = 115, Table 1).

Hartung et al.



Table 2. Patient characteristics and histopathological parameters of the tumors distributed into subtypes by TNBCtype-6 and PAM50

classification (n = 115)

Parameters TNBC (IHC) TNBC molecular subtypes PAM50
TNBC BL1 BL2 IM M MSL LAR UNS basal nonbasal
chemotherapy
& subtyping
(n=115) (n=20) (n=14) (n=27) (n=15) (n=15) (n=15) (n=19) (n=100) (n=15)
(100%) (17%) (12%) (24%) (13%) (4%) (13%) (17%) (87%) (13%)
Age at diagnosis
<50 years 41 (100%) 12(30%)°  5(12%) 9 (22%) 3 (7%) 0(0%) 5(12%) 7 (17%) 37 (90%) 4 (10%)
>50 years 74 (100%) 8(11%) 9 (12%) 18 (24%) 12 (16%) 5 (7%) 10 (14%) 12 (16%) 63 (85%) 11 (15%)
Tumor size at time of diagnosis
<2cm 39 (100%) 6 (15%) 3(8%) 10 (26%) 5(13%) 4(10%) 6(15%) 5(13%) 32 (82%) 7 (18%)
>2cm 76 (100%) 14 (19%) 11(14%) 17 (22%) 10(13%) 1(1%) 9(12%) 14 (19%) 68 (89%) 8(11%)
Nodal status at time of diagnosis
Negative 58 (100%) 12 (21%) 6 (10%) 16 (27%) 9 (16%) 5 (9%) 6 (10%) 4 (7%) 50 (86%) 8 (14%)
Positive 57 (100%) 8 (14%) 8 (14%) 11 (19%) 6(11%) 0(0%) 9(16%) 15(26%) 50 (88%) 7 (12%)
Tumor differentiation
G1,G2 47 (100%) 2 (4%)° 6(13%) 10(21%)  7(15%) 3(6%) 12(26%)° 7 (15%) 36 (77%)° 11 (23%)°
G3 68 (100%) 18 (26%) 8 (12%) 17 (25%) 8 (12%) 2 (3%) 3 (4%) 12 (18%) 64 (94%) 4(6%)
TiLs
<10% 31 (100%) 5(16%) 2 (67%) 1 (3%)° 9(29%) 0(0%) 9(29%)° 5(16%) 23 (74%)° 8 (26%)°
10-60% 60 (100%) 11 (18%) 12 (20%) 10(17%) 6 (10%) 5 (8%) 5 (8%) 11 (18%) 54 (90%) 6(10%)
>60% 24 (100%) 4 (17%) 0 (0%) 16 (66%) 0 (0%) 0 (0%) 1(4%) 3(13%) 23(96%) 1(4%)

Values are n (%). Bold indicates statistical significance. BL1, basal-like 1; BL2, basal-like 2; IHC, immunohistochemistry; IM, immunomodulatory; LAR, lu-
minal androgen receptor; M, mesenchymal; MSL, mesenchymal stem-like; TILs, tumor-infiltrating lymphocytes; TNBC, triple-negative breast cancer; UNS,
unstable. 2 Pearson'’s x? test with Yates continuity correction. ® Fisher's exact test (cell frequency <5). < Pearson’s x? test.

Statistical Analysis

Statistical analyses were carried out by using SPSS 25 (IBM,
Armonk, NY, USA) including the subtype-specific probability of
RFI and OS of the patients. Survival curves were generated as
Kaplan-Meier estimates, differences described by log-rank test and
Cox regression model were applied to calculate hazard ratios for
selected parameters with 95% confidence intervals (CIs), and p val-
ues <0.05 were defined as significant. Only cases with information
for all covariates (including chemotherapy) were taken into ac-
count for all survival analyses.

Microdissection and RNA Extraction

After identification of the tumor areas on H&E-stained slides
by the pathologist, 3-5 adjacent unstained tumor slices (10 pum)
were processed for RNA isolation using the miRNeasy FFPE kit
(Qiagen, Hilden, Germany). The DNA microarray analysis was
started with a standard amount of 25 ng RNA.

DNA Microarray Analysis and Gene Expression Profiling

The GeneChip 3'IVT Pico Reagent Kit was used for sample
preparation followed by hybridization on HG U133 Plus 2.0 mi-
croarrays (both Affymetrix, Thermo Fisher Scientific, Applied
Biosystems, formerly known as Affymetrix, Santa Clara, CA, USA)
applying standard protocols. Raw data were imported using the
simpleafty R package [29] using the “robust multi-array average”
normalization [30]. From this point onwards, all further analyses
were conducted with log2 expression values. For probe set annota-
tion the bioconductor package hgul33plus2.db was used [31].
Gene expression was estimated by averaging the expression of all

Molecular Subtyping of Triple-Negative
Tumors
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Fig. 2. TNBC subtypes correlated with PAM50 intrinsic molecular
types (n = 124). TNBC, triple-negative breast cancer.

probe sets targeting the same gene. Please note that taking the
arithmetic mean of the logarithms is equivalent to taking the geo-
metric mean of the original expression values.

TNBCtype and PAM50 Subtyping

Gene expression values were entered into the TNBCtype online
analysis tool [12], and correlation results were used to compute
TNBCtype-6 classifications [9]. Considering stromal tissue in-
cluding TILs [32], we used TNBCtype-6 for the main analyses [9].
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Additional analyses were made for TNBCtype-4. To do so, we de-
termined the highest correlation of the subtypes and requested ac-
cording to the TNBCtype classification (1) a minimum correlation
coefficient of 0.1, (2) a p value <0.05, and (3) a difference of at least
0.05 from the best correlation coefficient to the second-best coef-
ficient if this value also conformed to (2). PAMS50 intrinsic sub-
types [33] were calculated in R. Bias correction for our pure TNBC
study cohort was performed according to Zhao et al. [34].

Results

Molecular Subtyping and Clinical and
Histopathological Differences in the TNBC Subtypes
and PAMS50 Intrinsic Types

Microarray analysis was feasible in 84% of the TNBC
tumors (128 of 152) (Fig. 1). Molecular subtyping was
performed for 97% of the FFPE RNAs from surgical and
for 61% from core needle biopsy material. Most failures
were caused by missing FFPE blocks or no remaining
tumor tissue in the FFPE blocks (mostly affecting the
core needle biopsies). Four tumors were reclassified as
ER-positive based on the gene expression results and
were excluded from further analyses after confirmation
by immunohistochemistry (IHC). Finally, 124 tumors
(82%) were successfully classified by TNBCtype-6 into
BL1 (17%, n = 21), BL2 (13%, n = 16), M (14%, n = 17),
MSL (4%, n = 5), IM (22%, n = 27), LAR (15%, n = 18),
and UNS (16%, n = 20) (online suppl. Table 2; see www.
karger.com/do0i/10.1159/000519255 for all online suppl.
material). The same tumors were classified according to
TNBCtype-4 into BL1 (29%, n = 36), BL2 (20%, n = 25),
M (16%, n = 20), LAR (20%, n = 24), and UNS (15%, n
=19) (online suppl. Table 2).

BL1 tumors were significantly less differentiated, and
in this group were the youngest patients. Most of the LAR
tumors (80%) were significantly better differentiated
compared to non-LAR tumors (10-60%) and the intrin-
sic nonbasal group better than the basal group (73 vs.
36%). Although not significant, there was an enrichment
of lymph node metastases in LAR and BL2 patients. As
for the evaluation of TILs, the IM group was the subtype
showing significantly the highest TIL proportion with
>60% TILs. Conversely, LAR was the subtype with the
significantly fewest TILs. We further classified the TNBC
tumors into the PAMS50 intrinsic types, classifying the
majority of TNBCs as basal (n = 109 of 124, 88%). This is
in accordance with previous reports [11] also reported
from our group [35]. The distribution of the parameters
in the distinct molecular subtypes and in the intrinsic
types is summarized in Table 2, considering patients who
underwent chemotherapy.

Details of the distribution of the nonbasal subtypes are
shown in Figure 2. All BL1, IM, and M subtypes were
PAMS50 basal; amongst the BL2, MSL, and LAR types a

642 Breast Care 2021;16:637-647
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variable proportion of nonbasal tumors was detected. Im-
portantly, most of these nonbasal tumors were signifi-
cantly well-differentiated, had fewer TILs, and expressed
the LAR profile (9 of 15). Two of nonbasal LAR tumors
(n =9) were Luminal A and 7 were HER2-enriched. For
6 of the 7 HER2-enriched tumors, by IHC low HER2 ex-
pression (DAKO 1 or 2, chromogenic ISH negative) was
reported. In comparison, in non-LAR tumors we found
weak HER2 protein expression less frequently (71% in
LARvs. 20% in non-LAR tumors). Neither tumor size nor
nodal status were associated with the PAM50 intrinsic

types.

Clinical Outcome and LAR Subtype

With a median observation time of 61 months, 107
patients of all TNBCs with chemotherapy were recur-
rence-free (RF174.9%, 95% CI 67.6-82.2) and 77.1% were
still alive (95% CI 70.0-84.2).

Patients with LAR subtype, although treated with
chemotherapy (n = 15), experienced the worst clinical
outcome, visualized by Kaplan-Meier plots in Figure 3A
and B. Free of an RFI event were 66.7% patients with
LAR subtype (95% CI 42.8-90.6) compared to 80.6%
(95% CI 72.8-88.4) in the non-LAR TNBC group (n =
100). These results were not significant for RFI but sig-
nificant for OS (Fig. 3C, D). We showed a nearly dou-
bled risk for RFI of the LAR versus the non-LAR group
even if adjusted for tumor size and nodal status (adjust-
ed hazard ratio [aHR] 1.87,95% CI 0.60-5.05, p =0.211).
The LAR subtype was a significant, independent predic-
tor for OS (aHR 2.74, 95% CI 1.06-7.10, p = 0.037) (Ta-
ble 3). These subtype results demonstrate a distinct clin-
ical course of patients within the TNBC group. Patients
with a LAR nonbasal tumor showed a better outcome
than patients with a LAR basal tumor, significant for OS
(online suppl. Fig. 1).

Androgen receptor mRNA levels were correlated to
subtypes with the highest expression in LAR subtype [36]
and associated with low MKI67 transcript levels (Fig. 4A,
B).

PCR and Subtypes

The pCR rate (ypT0/Tis ypNO) was 48% (26 of 54 pa-
tients) (online suppl. Table 1); 80.0% (95% CI 64.3-95.7)
of them had no disease-specific event. Due to the small
number of core needle biopsies with subtyping results be-
fore NACT (n = 33), no significant association could be
found between TNBC subtypes and pCR. We emphasize
that the best chemosensitivity as demonstrated by no re-
sidual invasive tumor tissue in the breast and axilla was
observed in the IM subtype (4 of 6). No residual disease
after NACT was diagnosed in 45% (13 of 29) of the pa-
tients with non-LAR subtype and in only 25% (1 of 4) of
the patients with LAR subtype.
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Discussion Firstly, we successfully classified 84% of triple-nega-

In this study, we evaluated the distribution of TNBC-
type-6 subtypes according to Lehmann et al. [9], also dis-
playing the heterogeneity of the outcome (RFI, OS) of the

TNBC patients.

Molecular Subtyping of Triple-Negative

Tumors

tive tumors of an unselected clinical cohort (n = 124 of
152 TNBCs, total BC cohort n = 1,270). The array ex-
periments and the subsequent subtyping was performed
with each prepared RNA. None of the immunohisto-
chemically detected TNBC tumors were classified as
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Fig. 4. Correlation of androgen receptor (A) and MKI67 (Ki-67) (B) RNA expression to LAR subtype (n = 124).

LAR, luminal androgen receptor.

Table 3. Multivariate analysis of RFl and OS for TNBC patients with chemotherapy and available TNBCtype-6 subtyping (n = 115)

Parameters RFI (24 events) OS (21 events)
univariate analysis multivariate analysis univariate analysis multivariate analysis
HR 95% ClI pvalue HR 95%Cl pvalue HR 95%Cl pvalue HR  95%Cl p value
Age at diagnosis
<50 years 124 0.53-293 0618 122 0.44-336 0.705
51-75 years ref.
>75 years 1.16  0.32-4.15 0.082 348 1.20-10.04 0.021
Tumor size at time of diagnosis
<2cm ref.
>2cm 403 1.20-13.50 0.024 3.30 0.95-11.41 0.059 546 1.27-23.44 0.022 3.95 0.89-17.54 0.071
Nodal status at time of diagnosis
Negative ref.
Positive 274 1.13-6.60  0.025 205 0.83-5.08 0.119 473 1.59-14.07 0.005 332 1.08-10.14 0.035
Tumor differentiation
G1,G2 ref
G3 049 0.22-1.09 0.082 0.63 0.27-1.49  0.293
TNBCtype-6
Non-LAR ref.
LAR 1.89 0.70-5.07 0.204 1.87 0.69-5.05 0.211 2.79 1.08-7.20 0.033 2.74 1.06-7.10 0.037

Cl, confidence interval; HR, hazard ratio; LAR, luminal androgen receptor; OS, overall survival; ref., reference group; RFI, recurrence-free interval; TNBC,

triple-negative breast cancer.

mRNA-ER-positive, as reported elsewhere [37], indicat-
ing high quality of the IHC/chromogenic ISH tests per-
formed in the respective peripheral pathology centers.
The reliable group segregation might be a consequence
of the application of a lower cutoff for hormone receptor
negativity (<1% stained cancer cells, immune reactivity
score <2). The four reconfirmed ER-positive samples
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(Fig. 1) were excluded from all subtyping and survival
analyses.

Secondly, using both TNBC classifiers (TNBCtype-6,
TNBCtype-4), the subtype distribution was very similar
to reports by other investigators [9, 38]. The IM subtype
was most frequent (26% by excluding the UNS subtype;
online suppl. Table 2). These tumors are enriched in

Hartung et al.



genes linked to immune processes, also seen in our cohort
with 57% with a high TIL score (16 of 28 of the IM sam-
ples; online suppl. Fig. 2A). Applying the condensed
TNBCtype-4 classifier (online suppl. Fig. 2B), 66% of the
IM samples (by TNBCtype-6) switched to the BL1 group
(online suppl. Fig. 2C), suggesting a more favorable prog-
nosis. Excluding the unclassifiable tumors by definition
(see Subjects and Methods), we found that by TNBC-
type-6 analysis more than one-third were BL1 and BL2
(combined 35%), 16% M, 17% LAR, and MSL was under-
represented (5%) (online suppl. Table 2), which is in line
with other studies [38, 39].

Thirdly, each TNBC subtype showed a distinct clinical
outcome for RFI and OS. As mentioned before, 15% of
the TNBC samples of our study expressed the LAR profile
by the TNBCtype-6 and 20% by the TNBCtype-4 classi-
fier, representing 2% of all BCs in our cohort, as also
shown by other studies [38-40]. Compared to the non-
LAR group, patients with LAR subtype suffered the high-
est number of events with an adjusted 1.87-fold trend
(aHR) for local recurrence, distant metastasis, and death
caused by BC. We further emphasize a significant aHR of
2.74 of death for the LAR group compared to the non-
LAR group classified by TNBCtype-6. Applying the
TNBCtype-4 classifier we determined an aHR of 1.74 for
RFI and a significant aHR of 2.62 for OS for the LAR sub-
type (online suppl. Table 3 and Fig. 3).

Fourthly, as expected, the PAMS50 classification pre-
dominantly clustered intrinsic basal type (88%), followed
by HER2-enriched (10%) and Luminal A (2%) (for a re-
view, see Lehmann and Pietenpol [10]). Focusing on non-
basal tumors (n = 15), 9 of them belonged to the LAR
subtype, which is in line with published data, e.g., Masuda
et al. [13]. Most of them (78%, 7 of 9) showed HER2-en-
riched profiling (Fig. 2) as also reported by Prat et al. [37]
(20 of 28, 71%). For clinical practice, it could be of rele-
vance that immunohistochemically clinical HER2-nega-
tive (DAKO 1 or 2, chromogenic ISH negative) tumors
might still be sensitive to anti-HER2 therapy. These spe-
cial TNBC groups can be identified by TNBC subtyping
and additional PAMS50 intrinsic classification using the
same RNA expression data of the tumor.

Combining molecular TNBC subtyping and PAMS50
classification, we identified six of 15 LAR tumors as LAR-
basal and the patients as the group with most events for
RFI or OS (50%, 95% CI 10-90, 3 events and 33.3%, 95%
CI <1-70.9, 4 events, respectively). These patients have a
three times (3.28) higher risk of inferior RFI (p = 0.172)
and a 5.39 times higher risk of inferior OS (p = 0.034).

As previously reported by other authors, LAR tumors
are characterized by low MKI67 mRNA expression
(Fig. 4B) and intermediate grading as an indicator for low
proliferation and pronounced chemoresistance [41].
Also, Witzel et al. [42] figured out that low chemotherapy

Molecular Subtyping of Triple-Negative
Tumors

response can be predicted by high androgen receptor
mRNA expression that is overexpressed in the LAR sub-
type (Fig. 4A). In a phase I/II study, metastasized patients
with a positive androgen receptor status at mRNA level
benefited from anti-androgen receptor-hormonal thera-
Py, so that may be an option to bypass chemoresistance
and to de-escalate chemotherapy [36]. Considering the
unfavorable prognosis of patients with LAR subtype, a
combination of immune checkpoint inhibitors and an-
drogen receptor-inhibiting treatment should also be
studied [43].

Last, residual disease after NACT predicts inferior out-
come [44]. Also, patients in our study without pCR suf-
fered from worse RFI or OS compared to patients with
pCR.

Even taking into account the limitations of low case
numbers with subtyping data, a better pCR rate can be
predicted for the non-LAR group than for the LAR group.
Hence, patients with LAR subtype and residual disease
showed the worst outcome for RFI and OS.

Some notable strengths of our study should be men-
tioned. In comparison to other studies, we analyzed a
clinical cohort of patients rather than data from a web-
based data repository. TNBC patients were consecutively
and routinely enrolled in our prospective, unselected
multicenter cohort evaluating prognostic factors safe-
guarding a well-documented follow-up. Our TNBC
group showed characteristics representative of a typical
TNBC population with respect to age, tumor size, nodal
status, and grading [45]. For all survival analyses, we ex-
clusively included patients treated with chemotherapy.

There are some limitations. Patients were treated at the
discretion of the local tumor boards of the participating
certified breast centers, but decisions were based on cur-
rent national guideline recommendations. There is only
a small sample size of patients treated with NACT, so no
meaningful response and survival analyses for this sub-
group could be performed. Due to the retrospective anal-
ysis of TNBC subtyping, only 82% of the FFPE blocks for
RNA preparation were still available for this retrospective
analysis.

Conclusion

TNBC subtyping using RNA profiling data that were
generated in a clinical routine setting is feasible and dif-
ferentiates TNBC patients into groups with distinct clini-
cal outcomes. We found a clear trend for the LAR subtype
as a predictor for worse RFI and OS. Since these cancers
appear to be less sensitive to standard adjuvant chemo-
therapy new treatment options, androgen receptor-
blocking agents and immune checkpoint inhibitors have
to be explored.

Breast Care 2021;16:637-647
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Outlook

TNBC remains the challenge of BC treatment. There
is further merit in prospective validation of pCR rates
amongst TNBC subtypes and correlation with clinical
outcomes of these neoadjuvantly treated patients. It ap-
pears clinically relevant to identify patients with the LAR
subtype, since these cancers are less sensitive to chemo-
therapy and require other options.
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