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Background: EMIT-1 is a national, observational, single-arm trial designed to assess the value of the Prosigna, Prediction
Analysis of Microarray using the 50 gene classifier (PAM50)/Risk of Recurrence (ROR), test as a routine diagnostic tool,
examining its impact on adjuvant treatment decisions, clinical outcomes, side-effects and cost-effectiveness. Here we
present the impact on treatment decisions.
Patients and methods: Patients with hormone receptor-positive, human epidermal growth factor receptor 2-negative
pT1-pT2 lymph node-negative early breast cancer (EBC) were included. The Prosigna test and standard histopathology
assessments were carried out. Clinicians’ treatment decisions were recorded before (pre-Prosigna) and after (post-
Prosigna) the Prosigna test results were disclosed.
Results: Of 2217 patients included, 2178 had conclusive Prosigna results. The pre-Prosigna treatment decisions were: no
systemic treatment (NT) in 27% of patients, endocrine treatment alone (ET) in 38% and chemotherapy (CT) followed by
ET (CT þ ET) in 35%. Post-Prosigna treatment decisions were 25% NT, 51% ET and 24% CT þ ET, respectively. Adjuvant
treatment changed in 28% of patients, including 21% change in CT use. Among patients assigned to CT þ ET pre-
Prosigna, 45% were de-escalated to ET post-Prosigna. Of patients assigned to ET, 12% were escalated to CT þ ET
and 8% were de-escalated to NT; of those assigned to NT, 18% were escalated to ET/CT þ ET. CT was more
ondence to: Prof. Bjørn Naume, Department of Oncology, Division of
dicine, Oslo University Hospital, Pb 4953 Nydalen, 0424 Oslo,
el: þ47-02770
Na@ous-hf.no (B. Naume).
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frequently recommended for patients aged �50 years. In the subgroup with pT1c-pT2 G2 and intermediate Ki67 (0.5-
1.5� local laboratory median Ki67 score), the pre-Prosigna CT treatment decision varied widely across hospitals (3%-
51%). Post-Prosigna, the variability of CT use was markedly reduced (8%-24%). The correlation between Ki67 and ROR
score within this subgroup was poor (r ¼ 0.25-0.39). The median ROR score increased by increasing histological grade,
but the ROR score ranges were wide (for G1 0-79, G2 0-90, G3 16-94).
Conclusion: The Prosigna test result changed adjuvant treatment decisions in all EBC clinical risk groups, markedly
decreased the CT use for patients categorized as higher clinical risk pre-Prosigna and reduced treatment decision
discrepancies between hospitals.
Key words: early breast cancer, Prosigna, adjuvant treatment, chemotherapy, endocrine treatment, decision impact
INTRODUCTION

The hormone receptor (HR)-positive, human epidermal
growth factor receptor 2 (HER2)-negative subtype is the
most common of all breast cancer subclasses. The majority
of patients with HRþ/HER2�breast cancer are diagnosed in
the early stage of the disease with no evidence of axillary
lymph node metastasis (pN0) and overall good prognosis.1-3

However, the risk of relapse varies substantially depending
on the individual biology of the disease.4 Stage and primary
tumour factors are used for risk classification and support
for adjuvant systemic treatment decisions.5,6 A large num-
ber of patients with early-stage breast cancer (EBC) with
relatively small primary tumours and pN0 receive unnec-
essary treatment with chemotherapy.4 Conversely, sub-
groups of patients considered as clinically low risk and not
offered chemotherapy may develop recurrent disease,
because of an underlying and unnoticed higher risk that, if
recognized, would support the consideration of chemo-
therapy. The use of histological grade and Ki67 expression
provides prognostic information and support for clinical risk
classification. However, both parameters are subjected to
inter- and intra-laboratory variations, challenging the
establishment of robust thresholds for adjuvant systemic
treatment decisions.7-11

To better stratify patients and improve decision making
for systemic therapy, several molecular gene expression
classifiers have been established.12-17 These assays provide
superior prognostic information to conventional histopath-
ological assessments.16,18-24 Two large prospective trials
using OncotypeDx and MammaPrint (TAILORx25 and
MINDACT16,26) showed very low rates of recurrence with
adjuvant endocrine treatment alone (ET) in patients with
HRþ/HER2� pN0 EBC and favourable gene expression
pattern. Similar findings were also reported in prospective
retrospective studies of other gene expression assays such
as Prosigna, Breast Cancer Index and EndoPredict.23,27-30

Thus, to identify patients with a low risk of recurrence,
molecular gene expression classifiers have recently been
included in clinical guidelines on adjuvant systemic treat-
ment decisions for this patient population.31-36 However,
the optimal routine use of molecular gene expression
classifiers throughout the clinical risk spectrum is still, in
part, subjected to uncertainty.

Despite the growing evidence for use of gene expression
profiles as a component of the risk assessment, the access to
https://doi.org/10.1016/j.esmoop.2024.103475
molecular profiling varies around the world. This is due to
inconsistencies in acceptable cost of care delivery between
countries and differences in the extent of public health ser-
vices, as well as delays in making new methodology and
treatment available at an affordable cost.37 Thus, histological
grade and Ki67 are still used to guide adjuvant treatment
decisions in HRþ/HER2� pN0 EBC.36 Although real-world
data exist for several molecular gene expression classi-
fiers,38-44 data on the use of the Prosigna test are limited.41,42

There is need for larger prospective decision impact studies
evaluating how the Prosigna test influences adjuvant treat-
ment decisions as well as the cost-effectiveness of the test.

EMITEBC-1 (Establishment of Molecular Profiling for Indi-
vidual Treatment decision in Early Breast Cancer;
NCT03904173) is a national, prospective, observational
multicentre single-arm trial designed to assess the value of
Prosigna as a routine diagnostic tool, examining its impact on
adjuvant treatment decisions (versus standard histopatholo-
gy including Ki67), clinical outcomes, long-term side-effects
and cost-effectiveness. A complete description is presented
in the protocol (available alongside this article). The first part
of the study aims to assess how the Prosigna test in addition
to standard histopathology affects the risk classification and
adjuvant treatment decision in an unselected HRþ/HER2�
axillary node-negative EBC study population.
PATIENTS AND METHODS

Study population

During the period 2018-2022, early breast cancer patients
with HRþ/HER2� pT1-T2 pN0 disease from 17 Norwegian
hospitals (including all Norwegian health regions) were
recruited in the prospective observational adjuvant EMIT-1
study (Figure 1). As of October 2020, the protocol was
revised to allow for the enrolment of patients with
micrometastasis to axillary lymph nodes [pN1(mi)] if pT1.
Participating patients signed informed consents before study-
specific analyses and all procedures described were carried
out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki)45 for experi-
ments involving humans. An a priori sample size calculation
was carried out for the primary endpoint (distant recurrence-
free interval 8 years after study start) with the aim to include
2150 lymph node-negative patients. A total of 2335 patients
were enrolled, and 35 were excluded because they did not
Volume 9 - Issue 6 - 2024
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Figure 1. Schematic overview of the study.
aIneligible: Previous or concurrent cancer diagnosis (n ¼ 11), distant metastases (n ¼ 1), HER2þ (n ¼ 2), pT2 N1(mi) (n ¼ 6), DCIS only (n ¼ 1), pN1 (n ¼ 3), pNx due to
other diseases (n ¼ 3), patient not able to comply with protocol (n ¼ 1) and screening failure, reason not specified (n ¼ 7).
bProsigna test not applicable: Patient consent withdrawn before test (n ¼ 6), insufficient tumour material for RNA extraction or low tumour cell count (n ¼ 28), other
reasons not specified (n ¼ 1). Study start: 01 October 2018.
DCIS, ductal carcinoma in situ; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MDT, multidisciplinary team.
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fulfil the inclusion criteria. In the current assessments, pa-
tients with pN1(mi) (n ¼ 83), with insufficient tumour ma-
terial for RNA extraction to carry out the Prosigna test analysis
(n ¼ 35) or withdrawal before the final treatment decision
(n¼ 4) were not included.Thus, 2178 patients were included
in the analyses (Figure 1).
Biomarker analyses

Histopathological tumour characterization and standard
biomarker analyses were carried out at the local pathology
Volume 9 - Issue 6 - 2024
laboratory according to the World Health Organization and
Norwegian guidelines46,47 and the results were obtained
from the Cancer Registry of Norway. Estrogen receptor (ER),
progesterone receptor (PR) and HER2 were assessed using
immunohistochemistry (IHC) according to national proced-
ures, including in situ hybridization for HER2 (two-step
protocol). ER was defined as positive if �1% and PR positive
if �10% of the tumour cell nuclei stained positive. If HER2
IHC scored 2þ, the analysis was supplemented by in situ
hybridization (FISH/CISH/SISH) and defined negative when
the HER2/CEP17 ratio was <2 and average HER2 copy
https://doi.org/10.1016/j.esmoop.2024.103475 3
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number was <6 per tumour cell, or the HER2/CEP17 ratio
was >2 and average HER2 copy number was <4 per cell,
according to the American Society of Clinical Oncology
(ASCO)-College of American Pathologists guidelines (2018).
Ki67 proliferation index was reported as the percentage of
positively stained tumour cell nuclei in the hot spot (HS)
according to national guidelines (www.nbcg.no). Ki67 was
analysed as continuous and categorical (�/< median;
<10%, 10%-35%, >35%) variable. The cut-offs 10% and 35%
were based on the Ki67 thresholds used in the St Gallen
consensus recommendations (2021) and the ASCO guide-
lines (5%/30%).33,36 The thresholds were adjusted to ac-
count for the difference between Ki67 HS and an average
method with a minimum of 5 units, in line with results from
our previous study (Supplementary Figure S1, available at
https://doi.org/10.1016/j.esmoop.2024.103475). Due to
inter-laboratory variations in absolute Ki67 scores as well as
potential inter-hospital variations in the clinical interpreta-
tion of high and low Ki67 values based on the hospitals’
median Ki67 values, Ki67 scores were normalized to the
local laboratory median Ki67 score and categorized as
<0.5� median (low), 0.5-1.5� median (intermediate) and
>1.5� median (high) for comparison between hospitals.

Intrinsic subtype and Risk of Recurrence score

A representative tumour block was selected by the local
pathologist, preferably the same block used for Ki67 testing,
and sent to the Central Laboratory for Prosigna testing (one
national central laboratory until regional laboratories were
certified for the Prosigna procedure and the tests were car-
ried out in their respective labs; see Supplementary
Information, available at https://doi.org/10.1016/j.esmoop.
2024.103475, for details). RNA was extracted using the
Roche FFPET RNA Isolation kit (Roche, Pleasanton, CA),
catalogue number 025 from macro-dissected, formalin-fixed
paraffin-embedded tissue sections from breast cancer
tumour tissue. Expression of the Prediction Analysis of
Microarray using the 50-gene classifier (PAM50) genes was
analysed on the nCounter Analysis System (NanoString,
Seattle, WA) using the Prosigna® Breast Cancer Prognostic
Gene Signature Assay (Veracyte, South San Francisco, CA),
the output of which generates the tumour molecular sub-
type, the Risk of Recurrence (ROR) score and risk category.
Patient samples that did not pass quality threshold for the
Prosigna analysis were re-analysed. Tumours were catego-
rized as low, intermediate or high risk of recurrence based on
ROR scores �40, 41-60 and >60, respectively.

Clinical treatment decisions

As support for the selection of adjuvant treatment, clinicians
use consensus recommendations and guidelines based on
prognostic and predictive information.32,33,36,47 This may also
include ‘calculators’ such as the previously used web-based
algorithm Adjuvant! Online.48 In Norway, patients with
HRþ/HER2� pT1-pT2 pN0 disease have traditionally been
assigned to treatment/clinical risk categories based on
menopausal- and T-status, ER and Ki67 expression as well as
4 https://doi.org/10.1016/j.esmoop.2024.103475
histological grade, as presented in Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2024.103475.
When the study was initiated, the national recommendation
on how to interpret the Ki67 results for treatment decisions
was based on the St Gallen consensus recommendations
from 2015 and 2017.49,50 Patients with especially low clinical
risk (IHC luminal A-like pT1a-b or pT1c histological grade 1)
typically do not receive any systemic adjuvant treatment. The
clinically higher-risk patients include those with IHC luminal
B-like features (if not pT1a-b) or premenopausal patients
with IHC luminal A-like pT2 tumours. These patients are
recommended chemotherapy followed by endocrine treat-
ment (CT þ ET). The remaining patients (intermediate-risk
group) are assigned to ET. In line with the study protocol, the
local physicians (primarily the multidisciplinary team) recor-
ded their recommended, Norwegian guideline-based adju-
vant treatment decision, before (pre-Prosigna) and after
(post-Prosigna) the Prosigna test result was available
(Figure 1, Supplementary Table S1, available at https://doi.
org/10.1016/j.esmoop.2024.103475, and www.nbcg.no).
The treatment decision algorithm including the Prosigna test
results integrates both the ROR score category and intrinsic
PAM50 subtype classification for treatment recommendation
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2024.103475). The pre-Prosigna treatment
decision was blinded for the Prosigna test result. In addition,
the local physicians recorded their pre-Prosigna treatment
decision when patient-related factors (including patient
preferences, comorbidity, age, specific tumour characteristics
or overall assessment) were taken into consideration. Even-
tually, the final treatment decision (actual treatment started)
was registered.

The parameters used for risk assessment converted into
treatment guidelines are not categorical, but inform recur-
rence risk as a continuum. The physicians’ confidence with
the treatment decision may therefore vary. Hence, following
the pre-Prosigna treatment decisions, the local physicians or
multidisciplinary team (whoever made the decision) also
recorded if they were confident (yes/no) with the decision.

To compare treatment decisions across hospitals, sites
with >50 included patients were chosen (see
Supplementary Information, available at https://doi.org/10.
1016/j.esmoop.2024.103475). Recruitment of patients with
pT1a-b tumours varied between hospitals and there were
few chemotherapy candidates among these. Thus, patients
with pT1c-T2 tumours were selected for this comparison.
Based on histopathological grade and Ki67 level, patients
were grouped (pre-Prosigna test) as ‘No-chemo candidates’
(G2 and Ki67 <0.5� median or G1 and Ki67 <1� median),
‘Uncertain chemo candidates’ (G2 and Ki67 0.5-1.5� me-
dian) and ‘Chemo candidates’ (G2 and high Ki67 >1.5�
median or G3 and Ki67 >1� median).
Statistics

Descriptive statistics were used for patients and tumour
characteristics and presented as frequencies and pro-
portions for categorical variables and as median and range
Volume 9 - Issue 6 - 2024
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Table 1. Characteristics of patients in the primary analysis (n [ 2178)

Characteristics n (%)

Sex
Female 2166 (99)
Male 12 (0.6)

Age (years)
Median (range) 60 (19-89)
Categories
<40 72 (3.3)
40-50 368 (17)a

51-60 724 (33)b

61-70 759 (35)
>70 255 (12)

Menopausal statusc

Premenopausald 539 (25)
Postmenopausal 1565 (72)
Unknown 49 (2.2)
Male 12 (0.6)
Missing 13 (0.6)

T-category
pT1a 63 (2.9)
pT1b 466 (21)
pT1c 1129 (52)
pT2 520 (24)

N-category
pN0 2115 (97)
pN0 (iþ) 63 (2.9)

Ki67
Median (range) 19 (1-92)

Histological grade
G1 518 (24)
G2 1290 (59)
G3 370 (17)

ER
Positive (1-<10%) 9 (0.4)
Positive (10-<50%) 36 (1.7)
Positive �50% 2118 (97)
Positive, unspecified 15 (0.7)

PR
Negative <10% 349 (16)
Positive (10%-<50%) 343 (16)
Positive �50% 1482 (68)
Positive, unspecified 4 (0.2)

PAM50 subtype
Luminal A 1352 (62)
Luminal B 788 (36)
HER2 enriched 18 (0.8)
Basal-like 20 (0.9)

ROR category
0-40 1059 (49)
41-60 686 (31)
>60 433 (20)

ROR score
Median (range) 41 (0-94)

ER, estrogen receptor; PAM50, Prediction Analysis of Microarray using the 50-gene
classifier; PR, progesterone receptor; ROR, Risk of Recurrence.
a43 patients (12%) postmenopausal.
b527 patients (73%) postmenopausal.
cMenopausal status at trial entry.
dPremenopausal includes patients with regular menstruation (n ¼ 300), menstrual
irregularities (n ¼ 75) and hormonal intrauterine device (n ¼ 164).

Table 2. Treatment decisionsa pre- and post-Prosigna test (n [ 2178)

Treatment decision Pre-Prosigna
n (%b)

Post-Prosigna
n (%b)

No systemic treatment (NT)
All 596 (27) 555 (25)
�50 years 85 (19) 80 (18)
>50 years 511 (29) 475 (27)

Endocrine treatment alone (ET)
All 818 (38) 1102 (51)
�50 years 140 (32) 220 (50)
>50 years 678 (39) 882 (51)

Chemotherapy þ endocrine
treatment (CT þ ET)
All 764 (35) 521 (24)
�50 years 215 (49) 140 (32)
>50 years 549 (32) 381 (22)

ER, estrogen receptor.
aWithout patient-related factors.
b% values calculated in the pN0 study population for all (n ¼ 2178) patients, for
patients �50 (n ¼ 440) or >50 (n ¼ 1738) years in the respective treatment
decision groups. Excluding patients with ER expression <10% (n ¼ 9) did not
change the distribution of treatment decisions.

H. O. Ohnstad et al. ESMO Open
for continuous variables. To compare groups, Pearson’s ꭕ2

and KruskaleWallis tests were carried out. Correlations
were assessed by Pearson’s r and R2. Graphically, scatter-
plot, violin plot and Sankey plot (Sankeymatic.com) were
used for illustration. All P values were two-tailed and P <
0.05 was regarded as statistically significant. There were no
missing data in the current dataset.
Volume 9 - Issue 6 - 2024
RESULTS

A total of 2178 pN0 patients had conclusive primary tumour
Prosigna test results. Clinical and demographic characteristics
are shown in Table 1. The median age at diagnosis was 60
years. Characteristics of the total study population [including
patients with pN1(mi)] and for patients without conclusive
Prosigna test results or no post-test treatment decision are
presented in Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2024.103475. Corresponding epide-
miological data from the Cancer Registry of Norway are shown
in Supplementary Table S3, available at https://doi.org/10.
1016/j.esmoop.2024.103475.

The majority of tumours were classified by Prosigna as
intrinsic luminal A subtype (62%), 36% were luminal B, and
0.8% and 0.9% were HER2-enriched or basal-like subtypes,
respectively. The ROR scores were�40 in 49%, 41-60 in 31%
and >60 in 20% of tumours (ROR score grouped by sub-
type, see Supplementary Figure S2, available at https://doi.
org/10.1016/j.esmoop.2024.103475). For patients younger
than 50 years, 61% had luminal A and 37% had luminal B
tumours; the ROR scores were �40 in 47%, 41-60 in 32%
and >60 in 21% of tumours. The distribution of intrinsic
subtypes and ROR scores per age category is displayed in
Supplementary Table S4, available at https://doi.org/10.
1016/j.esmoop.2024.103475.

Clinical treatment decisions

Based on national guidelines for risk profile assessment
without Prosigna, the local physicians’ pre-Prosigna treat-
ment decisions were no systemic treatment (NT) in 27% of
patients, ET in 38% and CT þ ET in 35% (Table 2). The
assignment to the treatment groups changed minimally
(�1%) in favour of endocrine treatment (Supplementary
Table S5, available at https://doi.org/10.1016/j.esmoop.
2024.103475) when patient-related factors were included.
Using the modified Adjuvant! Online categorization as car-
ried out in the MINDACT trial, 31% of patients were
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classified as clinical high risk and 69% as clinical low risk
(Supplementary Table S6, available at https://doi.org/10.
1016/j.esmoop.2024.103475). Of the patients assigned to
chemotherapy pre-Prosigna, 62% were categorized as clin-
ical high risk, whereas 86% of the patients assigned to no
chemotherapy were clinical low risk (with modified Adju-
vant! Online).

The decision to offer chemotherapy was more frequent in
patients 50 years or younger (Table 2; with patient-related
factors shown in Supplementary Table S7, available at
https://doi.org/10.1016/j.esmoop.2024.103475). Further-
more, the physicians were uncertain about the NT decision
in 12%, the ET decision in 27% and the CT þ ET decision in
36% of the patients. They were also less confident in rec-
ommending endocrine therapy alone to younger patients
than to older patients, and more confident in assigning
them to chemotherapy (Supplementary Table S8, available
at https://doi.org/10.1016/j.esmoop.2024.103475).

Guideline-based treatment decisions including the Prosigna
test resulted in 25% of patients being assigned to NT, 51% to
ET and 24% to CT þ ET (Table 2). After also considering
patient-related factors, the final treatment decision was 26%,
52% and 22%, respectively (Supplementary Table S9, available
at https://doi.org/10.1016/j.esmoop.2024.103475). Reasons
6 https://doi.org/10.1016/j.esmoop.2024.103475
to deviate from national guidelines were patient preferences
(n ¼ 45), comorbidity (n ¼ 11), overall assessment (n ¼ 31)
and other reasons not specified (n ¼ 4).
Treatment decision alteration

Adjuvant treatment decisions changed in 28% (n ¼ 616) of
patients, including 21% (n ¼ 449) change in chemotherapy
use. The treatment decision alterations (pre- versus post-
Prosigna test) are shown in Figure 2 (per site;
Supplementary Figure S3, available at https://doi.org/10.
1016/j.esmoop.2024.103475).

In the group assigned to CT þ ET pre-Prosigna, 45% of
patients were de-escalated to ET after disclosure of the
Prosigna test result (Figure 2). This was independent of age.
However, including patient-related factors, younger-age
patients (�50 years) remained on chemotherapy treat-
ment decision more often than patients aged >50 years
(59% versus 51%) (Supplementary Table S10, available at
https://doi.org/10.1016/j.esmoop.2024.103475). Of pa-
tients assigned to ET alone pre-Prosigna, 12% were esca-
lated to CT þ ET and 8% de-escalated to NT. For patients
assigned to NT pre-Prosigna, 18% were escalated to either
ET (n ¼ 103) or CT þ ET (n ¼ 5) post-Prosigna.
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The treatment escalations were more frequent among
patient aged �50 years, but the differences were small
(Figure 2B, C).

According to clinical risk categorization as carried out in
the MINDACT trial (modified Adjuvant! Online), the post-
Prosigna treatment decision was no CT for 44% of the
clinical high-risk patients and CT þ ET for 9.3% of the
clinical low-risk patients (Supplementary Table S6, available
at https://doi.org/10.1016/j.esmoop.2024.103475).
Treatment decisions across hospitals

Focusing on the pT1c-pT2 patients where chemotherapy
typically is considered, the patients were divided into
groups according to the likelihood of being chemotherapy
candidates (‘no-chemo/uncertain/chemo candidates’, see
Materials and Methods). The distribution of treatment de-
cisions pre-Prosigna test varied widely across hospitals
(Figure 3). In particular, for patients within the ‘uncertain
chemo candidate’ group, the use of chemotherapy ranged
from 3% to 51% (Pearson’s ꭕ2 91.7, P < 0.001, Figure 3B).

After the Prosigna test results were revealed, the fre-
quency of the decision ET increased in all patient groups.
The treatment decisions across hospitals became more
Volume 9 - Issue 6 - 2024
evenly distributed, in particular for the ‘uncertain chemo
candidates’ (i.e. the group of patients with G2 and inter-
mediate Ki67). For these patients the variability in chemo-
therapy use was reduced to 8%-24% (Pearson’s ꭕ2 18.7, P ¼
0.85, Figure 3E). In the ‘no-chemo’ and ‘chemo candidate’-
groups, the treatment decision showed larger variation
across hospitals. For the ‘chemo candidate’ subgroup, pa-
tients with ROR score >60 ranged from 24% to 78% across
the hospitals. Similarly, for the ‘no-chemo candidate’ group,
patients with ROR score �40 ranged from 52% to 100%
(Supplementary Table S11, available at https://doi.org/10.
1016/j.esmoop.2024.103475).
Clinicopathological and molecular correlates

Among all patients, in the group assigned to NT pre-
Prosigna the majority of tumours (90%) were intrinsic
luminal A subtypes with low ROR score (82%). However, as
many as 9.4% of these were intrinsic luminal B subtypes
and 17% had intermediate ROR score (Table 3). Conversely,
in the group assigned to CT þ ET pre-Prosigna, one-third of
tumours were intrinsic luminal A subtype and 56% had low
or intermediate ROR score (18% and 38%, respectively).
https://doi.org/10.1016/j.esmoop.2024.103475 7
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Table 3. Clinical profiles and molecular subtypes (n [ 2178)

Pre-Prosigna
decision

Pre-Prosigna
decision

Pre-Prosigna
decision

No treatment,
n (%)

Endocrine alone,
n (%)

Chemo þ
endocrine, n (%)

PAM50 subtype
Luminal A,
n [ 1352

539 (90) 571 (70) 242 (32)

Luminal B,
n ¼ 788

56 (9.4) 244 (30) 488 (64)

HER2
enriched,
n ¼ 18

1 (0.2) 2 (0.2) 15 (2.0)

Basal-like,
n ¼ 20

0 1 (0.1) 19 (2.5)

ROR score
Median
(range)

27 (0-84) 39 (0-89) 58 (10-94)

0-40,
n ¼ 1059

488 (82) 434 (53) 137 (18)

41-60,
n ¼ 686

99 (17) 296 (36) 291 (38)

>60, n ¼ 433 9 (1.5) 88 (11) 336 (44)

PAM50, Prediction Analysis of Microarray using the 50-gene classifier; ROR, Risk of
Recurrence.
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The linear correlation between Ki67 and ROR score was
0.66 (Pearson’s r 0.66, P < 0.001, n ¼ 2178, Supplementary
Figure S4, available at https://doi.org/10.1016/j.esmoop.
2024.103475) and the variation across hospitals was large
(r ¼ 0.41-0.82/R2 ¼ 0.17-0.67). In the clinical subgroups of
pT1c-pT2 patients separated by a likelihood of receiving
chemotherapy (‘no-chemo/uncertain-/chemo candidates’),
the correlation between Ki67 expression and ROR score
within the subgroups was poor (r ¼ 0.25-0.39), both if the
absolute Ki67 and normalized Ki67 values were used
(Figure 4).

Similarly, we observed a positive association between
histological grade and ROR categories (Pearson’s ꭕ2

P < 0.001), as well as with ROR score as a continuous
variable (KruskaleWallis P < 0.001, Supplementary
Figure S5A, available at https://doi.org/10.1016/j.esmoop.
2024.103475). However, the ROR score ranges were wide
(for G1 0-79, G2 0-90, G3 16-94). The same was observed
for the modified Adjuvant! Online clinical risk categories
(clinical low risk 0-89, clinical high risk 8-94) (Supplementary
Figure S5B, available at https://doi.org/10.1016/j.esmoop.
2024.103475).

DISCUSSION

In this large prospective, observational study, the Prosigna
gene expression test identified patients considered to be at
both lower and higher risk than what was judged by clinical
risk stratification using conventional histopathology. The
Prosigna test result changed adjuvant treatment decisions
in all EBC clinical risk groups, markedly decreased the CT use
for patients categorized as higher clinical risk pre-Prosigna
and reduced treatment decision discrepancies between
hospitals. Overall, the treatment decision was altered for
28% of the patients, including 21% change in chemotherapy
decisions. This treatment alteration rate is slightly higher
8 https://doi.org/10.1016/j.esmoop.2024.103475
than the rate seen in older, small decision impact studies
evaluating Prosigna clinical utility.51,52

Our results suggest that 45% of patients assigned to
chemotherapy by routine classification can forgo this
treatment when the Prosigna test is incorporated in the
decision algorithm. This is in line with results from other
real-life studies.41,44 Accordingly, their tumours presented
with low or intermediate ROR score, thus overall low risk of
developing future overt metastatic disease, at least if
postmenopausal.22,23,26 Safely omitting chemotherapy will
reduce overtreatment and concomitant treatment-related
side-effects experienced by a majority of the patients,
although to a variable degree.53 Thus, undesirable toxicities,
economic disadvantages for the individual patient and so-
cietal costs may be reduced.

The use of Prosigna testing also led to more consistent
treatment decisions across hospitals, which is important to
ensure a standardized basis for treatment nationwide. To
our knowledge, this is the largest and most comprehensive
study comparing ROR score and Ki67 expression, with the
potential to unravel the usefulness and variability of Ki67
both at the patient level and across hospitals. When treat-
ment decisions were based on conventional pathology
criteria alone, a considerable variation between hospitals
was observed, e.g. ranging from 3% to 51% in chemo-
therapy use for patients with pT1c-pT2 G2 and intermediate
Ki67 expression (Figure 3C). Most EBC HRþ/HER2� tu-
mours fall into this group.54 This emphasizes that current
routine diagnostic analyses are unable to provide reliable
information to make clear treatment recommendations on
chemotherapy use for a large number of patients.
Furthermore, the results underpin the clinical variability in
the interpretation of histopathological markers. The Inter-
national Ki67 in Breast Cancer Working Group7 does not
support using Ki67 values between 5% and 30% (average
scores) for clinical decision making on chemotherapy. The
Prosigna test, on the other hand, provides more prognostic
information and has shown superior inter-laboratory
reproducibility suiting a decentralized diagnostic strat-
egy.20,55 In our study, the more similar treatment decisions
after incorporating the Prosigna test results were most
distinct among patients classified as ‘uncertain’ chemo-
therapy candidates (pT1c-pT2, intermediate Ki67 (HS) and
G2). For the ‘no-chemo’ and ‘chemo’ candidate groups,
larger variability persisted also post-Prosigna. Disparities in
patient inclusion (see Materials and Methods) as well as
differences in tumour characteristics (i.e. ROR distribution
width) are probably contributing to this variability. Overall,
the improved agreement in treatment decisions in our
study is in line with what was reported in a substudy within
the MINDACT cohort.56

The imbalanced access to molecular profiling around the
world accentuates the question of Ki67 as a surrogate
marker for ROR score. In accordance with a recent (but
smaller) real-world population study,42 we observed poor
correlation between Ki67 and ROR score among tumours
with intermediate Ki67 (i.e. uncertain chemotherapy can-
didates), but also in the other clinical risk groups. Thus, the
Volume 9 - Issue 6 - 2024

https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475


r=0.42

0

10

20

30

40

50

60

70

80

90

100

K
i6

7

0 10 20 30 40 50 60 70 80 90 100

A No chemo candidates

r=0.48

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

B Uncertain chemo candidates

r=0.25

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

C Chemo candidates

r=0.34

0.00

1.00

2.00

3.00

4.00

5.00

6.00

N
or

m
al

iz
ed

 K
i6

7

0 10 20 30 40 50 60 70 80 90 100
ROR score

D

r=0.28

0.00

1.00

2.00

3.00

4.00

5.00

6.00

0 10 20 30 40 50 60 70 80 90 100
ROR score

E

r=0.29

0.00

1.00

2.00

3.00

4.00

5.00

6.00

0 10 20 30 40 50 60 70 80 90 100
ROR score

F

0

5

10

15

20

0 20 40 60 80

10

15

20

25

30

35

0 20 40 60 80 100

0.00

0.20

0.40

0.60

0.80

1.00

0 20 40 60 80

0.50

1.00

1.50

0 20 40 60 80

Figure 4. Ki67-Risk Of Recurrence (ROR) scatterplot of pT1c-pT2 tumours with Ki67 analysed as continuous variable and presented as absolute score value
(‘Absolute Ki67’) or normalized to the local laboratory median Ki67 score (‘Normalized Ki67’). (A) G2 and Ki67 <10% or G1 and Ki67 <20%, (B) G2 and Ki67 10%-
35%, (C) G2 and Ki67 >35% or G3 and Ki67 >20%, (D) G2 and Ki67 <0.5� local laboratory median score or G1 and Ki67 <1� local laboratory median score, (E) G2
and normalized Ki67 0.5-1.5� local laboratory median score, and (F) G2 and normalized Ki67 >1.5� local laboratory median score or G3 and normalized Ki67 >1�
local laboratory median score. In (A-B and D-E), the parts of the figures containing data points are enlarged in the upper right corner.
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results in the ‘uncertain chemo group’ strongly support the
Ki67 working group recommendation to avoid use of Ki67 in
the intermediate range for adjuvant treatment decisions.
Similarly, the ROR score ranges in the separate histological-
grade categories were wide. The presence of histological
grade 3 is established as a poor prognostic factor, but the
large histological grade 2 group biologically seems to
constitute a mixture of biological low- and high-grade tu-
mours.57 Further sub-classification of especially grade 2
breast tumours is therefore of importance.58 Altogether, in
the present study, neither histological grade nor Ki67 were
adequate as parameters to select tumours for molecular
profiling.

Although the use of molecular gene expression classi-
fiers to support adjuvant treatment decisions is well
documented, their usefulness for omission of chemo-
therapy in intermediate-/higher-risk premenopausal
women is not settled. In the current study, patients �50
years of age were more frequently assigned to chemo-
therapy, both pre-Prosigna and post-Prosigna, compared to
older patients. This was further augmented when patient-
related factors were considered, and if premenopausal
patients with regular menstruation were included (data
not shown). Updated results with explorative analyses
from both TAILORx59 and MINDACT26 trials may indicate
that the comparable (and excellent) distant metastasis-free
survival with ET versus CT þ ET appears to be age
dependent with potential benefit of adding chemotherapy
Volume 9 - Issue 6 - 2024
for patients �50 years of age. However, the use of ovarian
function suppression was limited in both trials (13% and
21%, respectively) and probably influenced the results.
Nevertheless, due to the results from these studies, our
guidelines shifted towards increased use of chemotherapy
in higher-risk premenopausal patients in 2021
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2024.103475). In our study, the majority
of the �50 years of age subgroup consisted of lower-risk
patients, and 51 out of the 95 patients who were de-
escalated to no chemotherapy were clinical low-risk pa-
tients when using the modified Adjuvant! Online risk
classification as carried out in the MINDACT study. These
patients would not have been eligible for the randomiza-
tion to chemotherapy in that study. Furthermore, 86% of
the clinical high-risk (as in MINDACT) younger patients de-
escalated to no chemotherapy were luminal A by Prosigna
(data not shown). However, poor prognostic features may
be enriched in younger patients with HRþ breast cancer.60

In our study, patients �40 years of age were de-escalated
to endocrine therapy alone much less frequently than the
other age groups (only 10 patients out of 72). Resolving the
question of age-related differences in the benefit of adju-
vant chemotherapy requires additional, randomized
studies including ovarian function suppression for all. The
ongoing OPTIMA study addresses this issue for lymph
node-positive, HRþ/HER2� patients, including both pre-
and postmenopausal women (ISRCTN42400492).
https://doi.org/10.1016/j.esmoop.2024.103475 9
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Endocrine treatment is recommended to all or most
HRþ/HER2� EBC patients in many countries and guidelines.
Although chemotherapy toxicity has received most atten-
tion, side-effects from endocrine treatment may also
negatively affect different aspects of life quality and lead to
non-adherence with subsequent potential higher recur-
rence risk.61 Thus, identifying patients with limited absolute
benefits from endocrine treatment, despite expected
similar relative benefits, will probably improve shared de-
cision making. In the present study, 8% of patients assigned
to ET using standard histopathology criteria were trans-
ferred to no adjuvant systemic treatment when the Pro-
signa test was included in the decision making. In addition,
82% of the patients recommended no adjuvant systemic
treatment pre-Prosigna were confirmed to belong to an
especially low genomic risk profile. Although none of the
gene expression profiles so far have been validated for de-
escalation of endocrine therapy, our previous results
showed that the patient population with low ROR score will
most likely have an excellent prognosis receiving no adju-
vant treatment (i.e. breast cancer death 4.0% after 17 years
of follow-up without systemic treatment).24 This is consis-
tent with a subpopulation of smaller tumours in the STO-3
trial62 and with the ultralow-risk group developed from the
70-gene signature (MammaPrint) with an exceptionally
good prognosis after 20 years of follow-up.63,64 De-
escalation of/shortened endocrine therapy guided by Pro-
signa will also be evaluated in the LA LEAST study
(NCT03917082), which will provide a useful comparison for
optimizing endocrine therapy strategies.

The Prosigna test also identified patients considered to
be at higher risk than what was implied by the risk strati-
fication pre-Prosigna (using standard histopathological
criteria). A substantial proportion of patients within the
low-risk group (assigned to NT pre-Prosigna) and
intermediate-risk group (assigned to ET pre-Prosigna), were
recommended ET and CT þ ET post-Prosigna (18% and 12%,
respectively). In small tumours (pT1a-b N0) molecular
profiling has an uncertain role and is generally not advised
because the test result would not influence the use of
chemotherapy.50,65 In accordance, our results show that
<1% of patients within the no-treatment group pre-
Prosigna were recommended chemotherapy post-
Prosigna. However, if no adjuvant systemic treatment is
considered as an option, the Prosigna test identifies those
higher-risk patients who definitely should be offered
endocrine treatment.24,66 Furthermore, in the ScanB study
the Prosigna-based guideline for treatment decision in our
study (Supplementary Table S1, available at https://doi.org/
10.1016/j.esmoop.2024.103475) was retrospectively
applied to patients who had received adjuvant endocrine
treatment. The subgroup with a PAM50/ROR score corre-
sponding to chemotherapy advice had poor survival with ET
(hazard ratio 4.9, 95% confidence interval 1.94-8.62).66

Similarly, patients receiving ET with high ROR score in the
DBCG study had a markedly increased cumulative incidence
of distant recurrence compared to patients with low ROR
score.23 Without proven predictive tools for chemotherapy
10 https://doi.org/10.1016/j.esmoop.2024.103475
sensitivity and acknowledging the relative average effect of
adjuvant chemotherapy, a markedly higher recurrence risk
supports the use of chemotherapy. This implies a potential
for using the Prosigna test also to avoid under-treatment.
The MINDACT study showed a small numerical improve-
ment in distant metastasis-free survival for the chemo-
therapy arm among clinical low-/genomic high-risk patients
and a 2.9% increase in 8-year distant metastasis-free in-
terval [hazard ratio 0.61 (95% CI 0.34-1.07)], but the study
was not powered for a conclusive answer to this escalation
question.26

Despite studies and recommendations supporting the
clinical use of molecular gene expression classifiers for
HRþ/HER2� breast cancer, the access to these expensive
tests around the world are imbalanced. Cost-effective an-
alyses are critical to clarify the implications for health care
and societal costs within the different risk groups, giving
support for knowledge-based decisions on reimbursement
and budgeting. Several studies have been carried out for
other gene expression classifiers, including routine prac-
tice,67 but to our knowledge there are few real-world cost-
effectiveness studies on the Prosigna test. This is one of the
objectives in the EMITEBC-1 study and analyses are ongoing.

Due to its observational study design, this study has
potential limitations, including risk of introducing selection
bias. Although principally representative for HRþ/HER2�
lymph node-negative population in Norway with respect to
age distribution, tumour size and grade (Cancer Registry of
Norway, Supplementary Table S3, available at https://doi.
org/10.1016/j.esmoop.2024.103475), the study cohort
included some imbalances across hospitals, particularly for
small tumours and in the older age group (>70 years).
Furthermore, the treatment decisions could be affected by
comorbidity, age and performance status. However, the
study registered treatment decisions based on guidelines
alone compared to decisions including patient-related fac-
tors, with minimal differences. As a single-armed trial, the
study cannot demonstrate the prognostic treatment inter-
vention effect of using the Prosigna test compared to
standard histopathological risk factors. Nevertheless, the
study is designed as a decision impact study, including the
opportunity to evaluate the use of new diagnostic practice
in a real-world setting, also comprising elderly patients and
those with comorbidity, as well as identifying gaps in the
care between hospitals.
Conclusion

In this real-world study, the Prosigna test result changed
adjuvant treatment decisions in all EBC clinical risk groups,
markedly decreased the CT use for patients categorized as
higher clinical risk pre-Prosigna and reduced treatment
decision discrepancies between hospitals. Although clear
evidence for the benefit of treatment changes in low-risk
groups based on the Prosigna result is lacking, the study
will provide further insight when follow-up data are avail-
able. Including the Prosigna test in the decision algorithm
can improve the prognostic classification in pT1-pT2 N0
Volume 9 - Issue 6 - 2024

https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475
https://doi.org/10.1016/j.esmoop.2024.103475


H. O. Ohnstad et al. ESMO Open
breast cancer, allowing more precise and uniform identifi-
cation of future recurrence risk and improved basis for
adjuvant treatment decisions. Ultimately, our study will
provide information on the cost-effectiveness and societal
impact of using Prosigna as part of adjuvant treatment
decision, including collected health care resource use,
quality-of-life measurements, assessment of work ability
and side-effects from treatment, as well as survival.
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