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Abstract
Purpose of Review Clinical decisions for (neo)adjuvant treatment in early breast cancer (eBC) have been based mostly on 
clinical factors over the last decades. We have reviewed development and validation of such assays in the HR + /HER2 eBC 
and discuss possible future directions in this field.
Recent Findings Increasing knowledge about the biology of hormone-sensitive eBC, based on the precise and reproducible 
multigene expression analysis, has led to a significant change in the treatment pathways and reduction of overtreatment in 
particular by chemotherapy in HR + /HER2 eBC with up to 3 positive lymph nodes based on results from several retrospec-
tive-prospective trials used several genomic assays and in particular prospective trials (TAILORx, RxPonder, MINDACT, 
and ADAPT used OncotypeDX® and Mammaprint®).
Summary Precise evaluation of tumor biology together with endocrine responsiveness assessment appears as promising 
tools for individualized treatment decisions together with clinical factors and menopausal status in early hormone-sensitive/
HER2-negative breast cancer.
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Introduction

Hormone receptor positive breast cancer (HR + BC) is a 
highly heterogeneous disease. Due to substantial technical 
progress, the development of multigene expression assays 
(MGA) in early HR + breast cancer has been impelled. 
New gene expression assays have dramatically improved 
our understanding of breast cancer biology and enabled a 
development of novel multigene expression signatures prog-
nostic and, to a degree, predictive for therapy response in 
early HR + BC. Although all these tools distinguish molecu-
lar subtypes in different ways due to various biostatistical 

approaches and use of different gene panels, none of them 
is based on a direct identification of gene mutations but on 
analysis of mRNA, in contrast to metastatic setting, where 
analyses of mutations in PI3K, ERBB2, BRCA1, BRCA2, 
PALB2, ESR1, FGFR2, and other genes are rather now 
ready for prime use in the clinical routine at different extent 
due to some promising results on response to targeted thera-
pies [1, 2]. Conversely, only analysis of BRCA1 and BRCA2 
mutations is of particular interest due to adjuvant olaparib 
approval in the early high-risk HR + /HER2 − BC [3].

Molecular Subtypes

Based on previous work by Perou et al., HR + /HER2 − BC 
has been subdivided into four major molecular subtypes by 
unsupervised clustering analysis, namely the most frequent 
luminal-A and luminal-B, HER2-enriched and very rare 
cases of basal-like subtype [4•, 5•]. Subsequent studies have 
shown substantially different mutational profile associated 
with these subtypes [6]. Several studies reported an enrich-
ment of TP53 mutations and its association with aromatase 
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inhibitor resistance, and less frequent mutations in PI3K and 
MAP3K1 genes in luminal-B vs. luminal-A tumors [6, 7].

Importantly, although mutational landscape of estrogen 
receptor positive (ER +) BC appears as relatively homoge-
neous in the primary disease, it becomes substantially more 
complex in the metastatic setting. In particular, an increased 
number of mutations in TP53, ERBBB2, and other genes has 
been observed after exposure to endocrine therapy (ET) [8].

In 2009, Parker et al. have proposed an use of standard-
ized approach based on expression of 50 selected genes 
[9•]. This so-called PAM50 signature has been shown to 
be highly prognostic in several retrospective analyses in 
observational studies and clinical trials in early setting. The 
risk of relapse is relatively low in low-proliferating luminal-
A disease, followed by luminal-B and HER2-enriched and 
basal-like subtypes in patients treated by ET alone [10–12]. 
Importantly, although the use of Ki-67 at different cut-off 
levels and/or progesterone receptor (PR) expression was sig-
nificantly associated with molecular subtypes, the sensitivity 
and specificity were moderate [13, 14]. Furthermore, ET 
with tamoxifen seems to have a stronger efficacy in lumi-
nal-A cases defined by PAM50 compared to HR + disease 
identified by immunohistochemistry [10, 12]. Although this 
review focuses on the ER + /HER2 − disease, a substan-
tial proportion (50–70%) of highly heterogeneous ER + /
HER2 + tumors are allocated to luminal-A or luminal-B 
subtypes by PAM50 [15]. Remarkably, patients with lumi-
nal-A subtype have also the best prognosis following differ-
ent chemotherapy/anti-HER2-based approaches in HR + /
HER2 + disease despite a very low pCR rate [16]. Therefore, 
the need for such intensified approaches in luminal-A sub-
type appears at least questionable. However, until now this 
issue has never been prospectively addressed to challenge 
the current therapeutic algorithms. As stated above, PAM50 
signatures seem to provide a similar prognostic value in the 
first-line setting in metastatic HR + /HER2 − as in early BC 
(eBC) [17, 18]. Moreover, the use of PAM50 to identify 
HER2-enriched subtype in HR + /HER2 − BC defined by 
immunohistochemistry appears to be predictive, for example 
for use of anti-HER2 drugs [17].

Multigene Prognostic Tests

In the last decades, several multigenic prognostic tests have 
been developed based on the same prognostically important 
pathways as those incorporated into the molecular subtypes 
mentioned above but using different statistic approaches. 
Most of these tests were developed with prognostic pur-
poses in mind, including the Prosigna®/risk of recurrence 
(ROR), Endopredict®/Clin (EP/EPclin), MammaPrint®, 
Breast Cancer Index (BCI)®, and Genomic Grade®, while 
the OncotypeDX®/Recurrence Score was designed to focus 

on predictive power (chemotherapy vs. no chemotherapy in 
HR + disease). ROR and EP incorporate classical markers, 
including tumor size and nodal status which are considered 
independent prognostic markers, with the remaining tests 
evaluating biological information only. Despite these differ-
ences, most studies have shown a higher prognostic power 
of genomic signatures compared to immunohistochemical 
markers like proliferation index based on Ki-67 levels [19, 
20]. Some [21], but not all studies [20, 22], have shown that 
prognostic impact of ER, PR, Ki-67, and HER2 expression 
analyzed within prognostic algorithms (e.g., IHC4) is similar 
to genomic signatures; however, therapeutical consequences 
remain unclear.

Moreover, these signatures differ in their prognostic 
power for early vs. late relapses, in particular regarding ER-
responsive cluster (which is more important for late relapses) 
and proliferation cluster (which is critical for overall prog-
nostic power and for early relapses in particular) [23, 24]. 
Given these differences, there is a significant re-classifica-
tion of risk categories if several tests are applied on the same 
samples, despite generally similar prognostic information. 
Bartlett et al. have reported up to 60% discordance rate in 
risk classification when OncotypeDX, MammaPrint, IHC4, 
and Prosigna (PAM50) were used in the Optima trial [25].

Lack of incorporation of specific histological subtypes, 
e.g., invasive lobular, mucinous, medullary, and other carci-
nomas, is a further limitation of these signatures. Some [26], 
but not all [27–29], retrospective studies have shown a lim-
ited prognostic impact of genomic signatures, and unclear 
predictive effect regarding survival impact from the chemo-
therapy addition to the ET impact e.g., in the invasive lobu-
lar carcinoma. Moreover, it remains unclear whether MGA 
have an additional prognostic effect in favorable histological 
subtypes as for example in tubular carcinoma [30, 31]. For 
these reasons, the use of MGA needs further prospective 
evaluation in patients with rare subtypes and in with male 
BC despite some promising data [32].

OncotypeDX®/Recurrence Score (Exact Science, 
Madison, USA) is the preferred MGA by the current 
NCCN breast cancer guidelines (2.2022) in all node-
negative patients and in postmenopausal node-positive 
eBC, which is in line with the current ASCO guidelines 
[33]. This MGA has been released in 2004 [34•] and it 
provides a continuous recurrence score (RS) based on the 
expression of 21 genes. OncotypeDX is prognostic for 
distant relapse in the first 5–10 years in node-negative 
and node-positive disease, as shown by several prospec-
tive and retrospective trials [20, 35, 36•, 37•, 38]. Fur-
thermore, it has some prognostic utility for late relapses 
[39]. This test was developed with focus on prediction 
of benefit from an adjuvant chemotherapy (six cycles of 
cyclophosphamide, methotrexate, fluorouracil, CMF) in 
addition to standard ET with tamoxifen using samples 
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from the NSABP B-20 trial in patients with node-neg-
ative disease [36•, 40•]. Furthermore, the test was vali-
dated in node-positive postmenopausal patients in the 
SWOG 8814 trial [36•] which investigated six cycles 
of cyclophosphamide, doxorubicin, and fluorouracil in 
addition to tamoxifen. Both studies demonstrated most 
benefit from chemotherapy specifically in patients with 
a higher RS values (> 25–30), although this effect was 
more pronounced in younger patients in the NSABP B-20 
trial [41]. Interestingly, a worse prognosis, compared to 
RS 0–11, but still no effect from the chemotherapy, was 
observed in tumors with an intermediate RS (11–25). This 
predictive effect was re-evaluated and confirmed in part 
in large prospective trials, in node-negative disease (Trial 
Assigning Individualized Options for Treatment, TailorX) 
and in patients with 1–3 positive lymph nodes (SWOG 
S1007/RxPonder).

The TailorX trial (NCT00310180) was performed in 
10,273 mostly clinically low-risk patients with pT1-2, 
pN0 HR + /HER2 − eBC with RS 11–25 (n = 6711, 65%). 
Patients were randomized to chemotherapy followed by ET 
vs. ET alone mostly including tamoxifen in younger women, 
approximately 80%; only a few patients received ovarian 
suppression therapy with/without aromatase inhibitors, even 
in case of high clinical risk [37•]. All patients with RS 0–10 
were treated with ET resulting in excellent survival [42•]; 
patients with RS > 25 were allocated to chemotherapy fol-
lowed by ET. After 9 years of median follow-up, no signifi-
cant outcome difference between both groups was observed, 
irrespective of clinical risk. However, a significant benefit 
regarding invasive disease-free survival (iDFS) and distant 
disease-free survival (dDFS) from a chemotherapy was seen 
in younger (premenopausal) patients with RS 16–25. In this 
group 5-year iDFS rates of 92% (RS 16–20) and 86.3% 
(RS 21–25) and 5-year dDFS rates of 98% and 93.2% were 
observed after ET, compared to 5-year iDFS 92.1% and 
94.7% and 5-year dDFS of 98.1 and 96.4% after chemoen-
docrine therapy, respectively. In detail, 9-year iDFS benefit 
ranged between 9 and 6% and dDFS benefit was 1.6% and 
6.4% in the RS 16–20 and RS 21–25 subgroups, respectively. 
In particular, improved dDFS was addressed to those with 
a higher clinical risk and 16–20 and/or aged 45–50 years 
within the critical subgroup by exploratory analysis [43•]. 
Collectively, these data indicate that 85% of women 
aged > 50 years and about 40–50% women aged ≤ 50 years 
with T1-2, node-negative HR + /HER2 − eBC appear not to 
be candidates for adjuvant chemotherapy.

Similar results were observed in the RxPonder trial 
(NCT01272037) [38] in 5083 patients with 1–3 positive 
lymph nodes and RS 0–25. After 6 years of median fol-
low-up [44], no significant benefit from chemotherapy was 
observed in postmenopausal women (two-thirds of patients), 
and 5-year iDFS of approximately 91.3 (chemoendocrine 

treatment) and 91.9% (endocrine group) was observed in 
both groups, irrespective of RS which was clearly prognos-
tic. In contrast, premenopausal patients (mostly treated with 
tamoxifen without ovarian suppression) had a modest, but 
significant benefit from chemotherapy use (2–3% regard-
ing 5-year dDFS and 4–6% regarding 5-year iDFS) (5-year 
iDFS) was improved from 89 to 93.9%. This absolute benefit 
appeared to be lower in RS 0–13 and higher in the RS 14–25 
group. One can speculate that ovarian suppression induced by 
(neo)adjuvant chemotherapy may be a reason for these results 
in younger patients. Unfortunately, only 15% of premeno-
pausal patients received ovarian suppression therapy in the 
RxPonder trial despite a higher relapse risk. A recent update 
from this trial confirms a positive impact of period cessa-
tion on survival in both study arms, similarly to other trials 
in HR + /HER2 − disease [44]. In the explorative retrospec-
tive analysis, only patients with lobular histology and those 
aged > 50 years in the premenopausal group with RS < 26 
derived no significant benefit from the CT addition to ET.

Other trials showed a similar (or even a higher) efficacy 
of ovarian suppression with or without tamoxifen vs. older 
chemotherapy regimens like CMF in patients with HR-
positive disease [45, 46]. However, a lack of antihormonal 
treatment in the chemotherapy arms in some of these studies 
as well as inclusion of HER2-positive tumors prevents draw-
ing definitive conclusions from these data sets. Moreover, 
recently published long-term results from the SOFT/TEXT 
trials underline the importance of addition of ovarian sup-
pression to tamoxifen or even combination of aromatase 
inhibitors with ovarian suppression in patients with a higher 
relapse risk (defined by chemotherapy use in this analysis) 
[47]. Further studies also confirmed an importance of ovar-
ian suppression in patients with a high clinical risk [48]. The 
ABCSG-12 trial showed an excellent 8-year survival at 97% 
in premenopausal patients with intermediate to high-risk 
HR + /HER2 − tumors (30% node-positive, only 5% treated 
with chemotherapy) treated by ET plus ovarian suppression 
in combination with zoledronic acid [49].

The ADAPT trial (NCT01779206) conducted by the West 
German Study Group (WSG) has applied another approach by 
combining OncotypeDX® with early proliferation response 
to a short course of standard preoperative ET in patients with 
enhanced clinical risk and HR + /HER2 − eBC. All patients 
with an intermediate RS of 12–25, 0–3 positive lymph nodes, 
and a low post-endocrine Ki-67 proliferation index after 
2–4 weeks of preoperative ET (≤ 10% by central pathology, 
defined as endocrine therapy responders) as well as those with 
pN0-1 with RS 0–11 (n = 2290) were treated by standard ET 
alone. In contrast, all RS 12–25 patients with a high post-
endocrine Ki-67 (endocrine non-responders) were allocated 
to (neo)adjuvant chemotherapy together with all patients with 
RS > 25 or a very high clinical risk (e.g., N2-3 disease). An 
excellent 5-year iDFS at 94% was observed in all patients with 
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RS 0–11 (all treated by ET) compared to 93% in RS 12–25/
endocrine responders (including those with premenopausal 
status) thus reaching non-inferiority threshold between both 
groups [50]. Of note, iDFS rate in RS 0–11 arm confirmed 
previous results from the prospective PlanB trial which omit-
ted chemotherapy in patients with pN0-1 clinical high-risk 
HR + /HER2 − eBC. Importantly, there were no survival dif-
ferences between RS 0–15, RS 16–20, and RS 21–25 sub-
groups in younger patients irrespective of nodal status. For 
example 5-year iDFS of 92% was observed in younger N0 
patients with RS 16–25 and ET response treated by ET alone, 
which is very similar to the reported outcomes in this criti-
cal group after chemoendocrine therapy in the TailorX trial 
[37•] by an indirect cross-trial comparison, which has to be 
interpreted with caution. Young patients with N0-1 tumors 
without ET response and RS 12–25 had a significantly worse 
iDFS of 89.5%, in spite of chemotherapy which was given, 
in particular driven by node-positive patients. Moreover, the 
whole group of younger N1 patients treated by ET alone with 
RS 0–25 (selected by ET response in the RS 12–25 group) had 
5-year dDFS of 95%, also very similar to the RxPonder pre-
menopausal cohort. Remarkably, ET response was observed 
twice more often in postmenopausal vs. premenopausal 
patients, with almost 80% cases with a low post-endocrine 
Ki-67 levels among older women with RS 12–25, similarly to 
other reports [51]. These results could be potentially explained 
by the use of aromatase inhibitors (few postmenopausal 
patients treated with tamoxifen) and/or different intrinsic biol-
ogy between premenopausal and postmenopausal women with 
a higher endocrine sensitivity in older women due to a higher 
expression of ER-related genes. Substantial rate of endocrine 
sensitivity was also observed in the RS > 25 patients [52]. 
Importantly prognostic impact of ET response was clearly 
observed in the whole study, irrespective of age/menopausal 
status, and was driven in particular by cases with baseline 
Ki-67 > 10%.

OncotypeDX® has also been shown to be highly predic-
tive for pathological complete response (pCR) after neo-
adjuvant chemotherapy (NACT) in the high-risk cohort in 
the ADAPT trial [53]. A total of 864 patients in total were 
treated with NACT; pCR rate in the RS > 25 compared to 
RS ≤ 25 group was 16% vs. 8%, in line with results from 
previous smaller trials. Interestingly, pCR rate was also sig-
nificantly higher in patients with RS > 25 and in endocrine 
non-responders (21%) vs. those with post-endocrine Ki-67 
levels ≤ 10% (6%). Therefore, evaluation of endocrine sensi-
tivity by Ki-67 measurement after a short course of preop-
erative ET appears to be a promising factor for patient selec-
tion for (neo)adjuvant chemotherapy or ET-based approach 
particularly in premenopausal women with RS < 26 and/or in 
future in some postmenopausal and premenopausal women 
with RS > 26 (currently under investigation in the prospective 
WSG-ADAPTCycle trial (NCT04055493)).

Higher sensitivity of tumors with a lower RS (and more 
favorable, hormone-sensitive biology) has also been con-
firmed by the adjuvant NSABP B-14 trial investigating 
adjuvant tamoxifen vs. placebo. Here, patients with a lower 
RS derived most benefit from tamoxifen, although interac-
tion test had a borderline significance. ESR1 expression by 
reverse transcription polymerase chain reaction (RT-PCR) 
was highly associated with an absolute gain in outcome from 
the adjuvant tamoxifen [54]. Moreover, this effect has been 
confirmed by the neoadjuvant Trans-NEOS trial showing a 
higher clinical response after 6 months of neoadjuvant letro-
zol in postmenopausal patients with RS ≤ 18 vs. RS > 30 [55].

Expression levels of estrogen-related genes may be cru-
cial not only for benefit assessment from ET, but also for 
late relapse risk. In pooled analysis of the NSAB B-14 and 
B-28 trials, RS has been shown to be significantly associated 
with late relapse risk, but only in case of a high expression 
of estrogen receptors [39]. OncotypeDX® is available as a 
centralized test, performed only in a single lab in the clini-
cal trial setting; however, Lee et al. published a set of 179 
genes assessed by next-generation sequencing and which 
was associated with a strong prognostic impact and a high 
concordance with RS testing in HR + /HER2 − eBC [56].

Measurement of endocrine-related but not proliferation-
related pathway (SET 2,3 signature) appears critical for 
assessment of both prognosis and even benefit from chemo-
therapy dose intensification as shown recently at the ASCO 
2022 from the retrospective analysis of the CALGB 9744 
trial. Further data are also needed for definition of standard 
methods regarding endocrine sensitivity [57].

The MINDACT trial in 6693 patients (NCT00433589) 
has examined the 70-gene signature (MammaPrint®, Agen-
dia, NV, continuous score with low and high-risk categories) 
vs. clinical factors by Adjuvant!Online 8.0 in the context 
of the adjuvant chemotherapy decision-making by a rand-
omization design [58•, 59•]. This trial has been based on 
the first promising results obtained with the 70-gene sig-
nature indicating very low recurrence rates in untreated 
patients [60]. Enrolled were patients with pN0-1, mostly 
HR + disease (n = 1497 with HR + /HER2 − eBC) and dis-
crepant risk assessment results, i.e., a high clinical risk 
(approximate definition in node-negative BC as G1 tumors 
and tumor size > 3 cm, G2 and tumor size > 2 cm, and G3 
disease and tumor size > 1 cm or node-positive disease) 
and a low genomic risk or vice versa. Patients were ran-
domized to receive adjuvant chemotherapy or no chemo-
therapy (mostly ET alone in around 90% of patients with 
HR + /HER2 − disease). A total of 75% of patients with 
luminal BC were determined as genomically low risk. After 
9 years of follow-up, an excellent 5-year distant metasta-
sis free survival (DMFS) at 95.1% (within a non-inferiority 
boundary) in clinically high/genomically low-risk group is 
treated by ET alone. However, a positive effect on 9-year 
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DMFS of 5% was observed which was attributed to chemo-
therapy administration in patients aged ≤ 50 years in con-
trast to 0.2% in older women [59•]. Unfortunately, also in 
this trial a very low rate of ovarian suppression was used 
in young patients and therefore, it remains unclear whether 
this benefit was due to chemotherapy-induced ovarian sup-
pression. Patients with an ultra low MammaPrint® result 
(18% of luminal cases) had an excellent distant metastasis 
free interval (DMFI) rate of 97% with only 14% of patients 
treated with adjuvant chemotherapy and further 16% patients 
without any systemic treatment. Only a positive lymph node 
status was significantly associated with worse DMFI in this 
sub-collective [61]. Moreover, an additional 80-gene tool, 
Bluepint, provides molecular subtyping (luminal, basal, 
HER2) and can be used to supplement prognostic multigene 
index by MammaPrint®. Blueprint has been shown to re-
classify about 50% of luminal-B cancers to the genomically 
luminal-A group with similar survival outcomes in the MIN-
DACT trial [62]. Both tests are available as a decentralized 
NGS-based testing [63].

MammaPrint® has also shown a predictive impact on 
NACT response with a significantly higher pCR rate in 
patients with genomic high-risk compared to those with a 
low-risk disease [64]. Moreover, the highest pCR rate was 
observed in patients with HR + /HER2 − disease who were 
classified as basal by Blueprint [65].

MammaPrint® has also been evaluated in the NSABP-42 
trial as a predictor for efficacy of letrozole therapy prolonged 
beyond 5 years in postmenopausal women [66]. Patients with 
low risk by MammaPrint derived more benefit from a longer 
ET than high-risk patients and, interestingly, this extended 
treatment was not associated with reduced risk of late relapse.

Data from all randomized trials clearly indicate an addi-
tional prognostic impact of clinical markers (nodal status, 
tumor size, and others) supplementing genomic markers, what 
may be important for assessment of absolute relapse risk and 
predicting benefit from different treatments [67]. Neverthe-
less, there is a lack of predictive impact regarding chemo-
therapy use [68] particularly in postmenopausal patients.

Breast Cancer Index® (BCI, Biotheranostics) clas-
sifies tumors into low-risk and high-risk categories by 
combining proliferation (Molecular Grade Index, MGI) 
and estrogen-related genes (HOXB13/IL17BR ratio, H/I), 
and it is highly predictive for early-risk and late-risk 
relapse in different cohorts. The use of BCI as a predic-
tive tool for patient selection for a longer ET has been 
initially demonstrated in smaller retrospective studies, 
namely MA-17 (letrozole following tamoxifen) [69] and 
aTTom (10 vs. 5 years of tamoxifen) [70] in node-positive 
disease. Unfortunately, this effect was less conclusive in 
two larger validation cohorts. For instance, although BCI 
was associated with a significant benefit from a longer 
aromatase inhibitor treatment (10 years vs. 7.5 years of 

overall duration) in the IDEAL trial [71], this effect could 
not have been confirmed by the abovementioned NSABP 
B-42 trial investigating longer (years 5–10) therapy with 
letrozole after previous aromatase inhibitors or tamoxifen 
in postmenopausal women [72]. Nevertheless, the use of 
BCI for treatment decisions regarding the use of a longer 
ET is recommended by the current ASCO guidelines [33].

Prosigna® and EPclin® are another two genomic signa-
tures recommended by NCCN guidelines (version 2.2022) 
as prognostic assays that incorporate clinical markers into 
the prognostic tool. Prosigna® (Veracyte, CA), based on the 
expression of 50 genes (plus eight reference genes, PAM50), 
provides a continuous risk of recurrence score (ROR, ranging 
from 0 to 100) adjusted for proliferation and tumor size. ROR 
is calculated with different cutoffs for node-negative and 
node-positive HR + /HER2 − disease together with molecular 
PAM50 subtype (luminal-A/-B, HER2-enriched, basal-like). 
This test has been shown to be strongly prognostic in dif-
ferent retrospective-prospective studies in postmenopausal 
women with 0–3 positive lymph nodes [11, 73], as well as in 
the early and late relapse settings [74]. There are also some 
data in premenopausal women showing a strong prognostic 
impact in untreated and in chemotherapy-treated patients, as 
well as a higher efficacy of chemotherapy in basal-like and 
luminal-B subtypes [75]. Currently ongoing OPTIMA trial 
(ISRCTN42400492), which at the time of writing this manu-
script has randomized 3180 out of planned 5000 patients, 
investigates Prosigna regarding its clinical impact (CT fol-
lowed by ET vs. Prosigna®-directed treatment).

Endopredict (Myriad Genetics, UT) is based on the expres-
sion of eight genes (plus three reference genes) classifying 
tumors into low-risk and high-risk categories and combines 
a continuous genomic score with tumor size and nodal sta-
tus (EPclin). This combined score has shown a very strong 
prognostic effect in different postmenopausal retrospective-
prospective cohorts, untreated and treated with chemother-
apy, and for both early and late relapse [19, 24]. Although 
no prospective trials addressing the chemotherapy benefit are 
available so far, Sestak et al. showed a stronger chemother-
apy effect in the EPclin high-risk but not in the EPclin low-
risk cohort by an indirect comparison of outcomes from the 
TransATAC, ABCSG-6, and ABCSG-8 trials (treated with ET 
only) vs. GEICAM 2003–02/9906 trial (treated with chemo-
therapy + ET) in postmenopausal patients (no comparison was 
possible in premenopausal women) [76]. In postmenopausal 
patients with 1–3 positive lymph nodes, a higher percentage 
of high-risk patients was identified by the genomic signature 
in the EPclin than in OncotypeDx® and MammaPrint® tools 
due to inclusion of nodal status into the EPclin which could be 
taken into account if adopted in the clinical routine.

There are only a few studies comparing prognostic 
impact of different genomic assays. The largest retrospec-
tive study, TransATAC, was performed by Sestak et al. in the 
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postmenopausal, ET only treated cohort with 0–3 positive 
lymph nodes. In that study, ROR, EPclin, and BCI provided 
an additional prognostic information to clinical markers, 
immunocytochemistry score (IHC4: ER, PR, HER2, Ki-67), 
and RS (particularly in node-negative patients) [77]. How-
ever, clinical impact of these findings appears unclear due to 
a missing prospective data on chemotherapy use in case of 
high-risk patients identified by these assays.

Current ASCO guidelines [33] recommend the use 
of all five genomic signatures for clinical use in post-
menopausal patients with ER + /HER2 − breast cancer 
and 0–3 positive lymph nodes, as well as Oncotype DX 
for use in premenopausal node-negative breast cancer. 
However, the use of these assays in premenopausal 
patients with 1–3 positive lymph nodes is not recom-
mended due to inconclusive results from the prospec-
tive trials. A prospective trial comparing chemotherapy 
vs. ovarian suppression in combination with aromatase 
inhibitors is currently planned by the Southwest Oncol-
ogy Group in patients with premenopausal node-negative 
disease with RS 16–25 and in node-positive women with 
RS 0–25. West German Study Group trial ADAPTcycle 
(NCT04055493) is currently investigating aromatase 
inhibitors in combination with ribociclib vs. chemother-
apy in a similar group of patients, but with recommen-
dation to focus patient recruitment on endocrine non-
responders and to treat all endocrine responders (with 

low post-endocrine Ki-67 ≤ 10% or low baseline prolif-
eration in combination with high expression of hormone 
receptors in patients without preoperative endocrine 
therapy) with 0–3 positive lymph nodes and RS 0–25 
by endocrine therapy alone (in combination with ovar-
ian suppression if high clinical risk). This trial addition-
ally enrolls patients with unclear chemotherapy benefit, 
namely those with N2-3 status and favorable biology or 
endocrine responders with N0-1 and RS > 25.

Currently presented negative results on lack of positive 
predictive effect of high Genomic Grade Index regarding 
chemotherapy survival impact in a phase III Unicancer 
ASTER 70 s trial (NCT00156405) in older patients with 
HR + /HER2 − [78], despite its strong prognostic impact 
[79], underline an urgent need for prospective well-powered 
trials addressing optimal use of genomic signatures.

Furthermore, other ongoing prospective trials focus on 
possible de-escalation of radiotherapy in patients with low 
genomic risk, like DEBRA trial (NCT04852887), which ran-
domizes patients 50–70 years old, with node-negative T1 
HR + /HER2 − disease and RS < 18 to radiotherapy vs. not 
after breast conserving therapy, due to low local relapse rates 
observed in low genomic risk group by several trials [80]. 
Similar trials are ongoing for low risk by Prosigna assay. 
Their results have to be compared to the currently resented 
very low local relapse rates in endocrine-treated patients 
with stage I HR + /HER2, luminal-A by IHC (ER ≥ 1%, 

Fig. 1  Suggested algorithm for genomic testing in early HR + /HER2 − breast cancer
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PR > 20% KI-67 ≤ 13, 25%) disease and > 55 years old and 
omission of radiotherapy [31].

Further prospective trials may also address an interesting 
question of omission or reduction of ET duration in node-
negative patients with very low genomic risk.

Conclusion

The use of validated genomic assays significantly changed 
treatment landscape in early HR + /HER2 − BC, particu-
larly in postmenopausal patients with 0–3 positive lymph 
nodes, and led to a considerable decrease in chemother-
apy use without a negative impact on survival. The use 
of these tests, especially in combination with assessment 
of endocrine response, clinical-pathological factors, and 
histology, seems to be very promising for guiding adjuvant 
treatment—also in premenopausal women or in patients 
with moderately increased genomic risk (Fig. 1). Future 
trials could address the impact of somatic and/or germline 
genomic aberrations, which can be measured beside or 
instead of commercially available genomic signatures 
(capturing phenotype only). Such research could lead to 
a more personalized treatment in early ER + /HER2 − dis-
ease by providing a precise biological information based 
on genomic assays and/or immunohistochemical markers. 
Currently, only germline BRCA1/2 mutation in patients 
with a very high clinical risk appears to be clinically rel-
evant due to availability of olaparib as a treatment option 
[3]. However, mutations within TP53 gene, highly asso-
ciated with ET-resistance and a high genomic risk [81], 
and ERBB2 mutation, associated with promising response 
rates after anti HER2-treatment in the metastatic setting 
[82, 83], may be able to refine treatment options in clini-
cally challenging group of patients with a high genomic 
risk and poor prognosis despite chemotherapy use. Fur-
thermore, prognostic and predictive impact of genomic 
signatures may be re-evaluated in the context of novel 
prognostic markers like circulating tumor DNA, which 
has been currently shown to be strongly associated with 
late relapse risk in HR + /HER2 − [84] and led to signifi-
cant reduction of chemotherapy use with similar survival 
results in other tumor types [85].
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