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Background: In hormone receptor-positive (HoRþ) breast cancer (BC), gene expression analysis identifies luminal A
(LumA), luminal B (LumB), human epidermal growth factor receptor 2 (HER2)-enriched (HER2-E), basal-like (BL)
intrinsic subtypes and a normal-like group. This classification has an established prognostic value in early-stage
HoRþ BC. Here, we carried out a trial-level meta-analysis to determine the prognostic ability of subtypes in
metastatic BC (MBC).
Materials and methods: We systematically reviewed all the available prospective phase II/III trials in HoRþMBC where
subtype was assessed. The primary endpoint was progression-free survival (PFS)/time to progression (TTP) of the LumA
subtype compared to non-LumA. Secondary endpoints were PFS/TTP of each individual subtype, according to
treatment, menopausal and HER2 status and overall survival (OS). The random-effect model was applied, and
heterogeneity assessed through Cochran’s Q and I2. Threshold for significance was set at P < 0.05. The study was
registered in PROSPERO (ID: CRD42021255769).
Results: Seven studies were included (2536 patients). Non-LumA represented 55.2% and was associated with worse
PFS/TTP than LumA [hazard ratio (HR) 1.77, P < 0.001, I2 ¼ 61%], independently of clinical HER2 status [Psubgroup
difference (Psub) ¼ 0.16], systemic treatment (Psub ¼ 0.96) and menopausal status (Psub ¼ 0.12). Non-LumA tumors
also showed worse OS (HR 2.00, P < 0.001, I2 ¼ 65%), with significantly different outcomes for LumB (PFS/TTP HR
1.46; OS HR 1.41), HER2-E (PFS/TTP HR 2.39; OS HR 2.08) and BL (PFS/TTP HR 2.67; OS HR 3.26), separately (PFS/
TTP Psub ¼ 0.01; OS Psub ¼ 0.005). Sensitivity analyses supported the main result. No publication bias was observed.
Conclusions: In HoRþ MBC, non-LumA disease is associated with poorer PFS/TTP and OS than LumA, independently of
HER2, treatment and menopausal status. Future trials in HoRþ MBC should consider this clinically relevant biological
classification.
Key words: intrinsic subtypes, breast cancer, metastatic, prognosis, hormone receptors
ondence to: Dr Aleix Prat, Medical Oncology Department, Hospital
arcelona; Translational Genomics and Targeted Therapies in Solid
IBAPS; Faculty of Medicine and Health Sciences, University of
Villaroel Street 170, Barcelona, 08036, Spain. Tel: þ34-932275400

lprat@clinic.cat (A. Prat).
cesco Schettini, Medical Oncology Department, Hospital Clinic of
Translational Genomics and Targeted Therapies in Solid Tumors,
acultat de Medicina i Ciéncies de la Salut, Universitat de Barcelona,
ova 143, Barcelona, 08036, Spain. Tel: þ34-932275400 (ext. 2347)
chettini@ub.edu (F. Schettini).

5Note: This study was previously originally presented as a poster presenta-
tion at the San Antonio Breast Cancer Symposium 2021 (poster ID: P4-07-08).
Abstract reference: Schettini F, Martínez-Sáez O, Chic N, et al. Prognostic
value of intrinsic subtypes (IS) in hormone receptor-positive (HoRþ) metastatic
breast cancer (MBC): a systematic review andmeta-analysis of prospective trials.
Cancer Res. 2022;82(suppl 4):P4-07-08. https://doi.org/10.1158/1538-7445.
SABCS21-P4-07-08.
2059-7029/© 2023 The Author(s). Published by Elsevier Ltd on behalf of

European Society for Medical Oncology. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

- Issue 3 - 2023 https://doi.org/10.1016/j.esmoop.2023.101214 1

Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
Delta:1_surname
mailto:alprat@clinic.cat
mailto:schettini@ub.edu
https://doi.org/10.1158/1538-7445.SABCS21-P4-07-08
https://doi.org/10.1158/1538-7445.SABCS21-P4-07-08
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.esmoop.2023.101214&domain=pdf
https://doi.org/10.1016/j.esmoop.2023.101214
https://doi.org/10.1016/j.esmoop.2023.101214


ESMO Open F. Schettini et al.
INTRODUCTION

Metastatic breast cancer (MBC) is a major cause of cancer
death with 5-year overall survival (OS) rates of w38%.1,2

Similar to early-stage BC, MBC is a heterogeneous disease
characterized by the presence/absence of estrogen and
progesterone receptor expression and human epidermal
growth factor receptor 2 (HER2) overexpression/amplifica-
tion, all of which define four clinically relevant subgroups,
namely hormone receptor-positive (HoRþ)/HER2-negative,
HoRþ/HER2-positive (HER2þ), HoR-negative/HER2þ and
triple-negative breast cancer (TNBC) with different thera-
peutic implications.3 However, HoR and HER2 status cannot
capture the entire biological complexity of MBC.

Gene expression profiling has allowed a better under-
standing of the biological heterogeneity of MBC with the
identification of four molecular ‘intrinsic subtypes’ (IS),
namely luminal A (LumA), luminal B (LumB), HER2-enriched
(HER2-E), basal-like (BL) BC, and a normal-like (NL) group.4-7

These entities significantly differ in growth drivers, inci-
dence, prognosis and treatment response.4,5,8-12 The most
validated assay to identify IS in the clinic is Prosigna®, which
is a gene expression assay based on the PAM50 algorithm
developed by Parker et al.10,13 Through 50 key genes, the
test is able to detect the BC IS and provide a risk of
recurrence score that integrates and weighs IS correlations,
a subset of proliferation genes, tumor size and nodal sta-
tus.10 The PAM50 assay is prognostic and predictive of (neo)
adjuvant chemotherapy (CT) response.14-16

In the last decade, several studies demonstrated that all
IS can be detected within each immunohistochemistry-
based subtype.8,17 While 90%-95% of early-stage HoRþ/
HER2-negative tumors are LumA or B, 5%-10% are non-
luminal (i.e. HER2-E and BL), a proportion that is usually
much higher (20%-30%) in MBC.7,12,17,18 Furthermore, the
proportion of non-luminal subtypes in HoRþ/HER2þ dis-
ease is usually >30%.12,17,18 In contrast, the vast majority of
tumors in HoR-negative/HER2þ disease and TNBC are non-
luminal, with the HER2-E being the most frequently
observed subtype in the HER2þ subgroup (w70%) and BL
being the most frequent tumor type in TNBC (w80%).8,17,18

In early-stage BC, IS are now an established prognostic
biomarker.19-24 However, the prognostic value of IS in MBC
is not fully recognized despite several retrospective analyses
of this biological classification in completed prospective
trials in HoRþ MBC (i.e. MONALEESA 2/3/7, BOLERO2,
EGF30008, DBCG and SOLTI-PATRICIA).25-35 For these rea-
sons, we conducted a systematic literature review and
meta-analysis to assess the clinical validity of IS in HoRþ
MBC, regardless of HER2 clinical status.
MATERIALS AND METHODS

Search strategy and selection criteria

A systematic literature search and trial-level meta-analysis
were carried out to identify published prospective, phase II
and phase III (randomized and non-randomized) clinical
studies concerning HoRþMBC, where the prognostic role of
2 https://doi.org/10.1016/j.esmoop.2023.101214
IS was evaluated in terms of progression-free survival (PFS) or
time to progression (TTP), if the former was not available.
Three independent reviewers (FS, OMS and CF) carried out
the literature research. In case of controversy a fourth
reviewer (AP) was consulted. The literature search had no
restrictions based on language or time of publication; how-
ever, only clinical studies enrolling patients affected by HoRþ
MBC were included. The recommendations of the Cochrane
Collaboration were followed to identify all relevant studies.36

We used the following query for the literature search: breast
AND (tumor OR tumour OR cancer) AND intrinsic AND (sub-
type OR subtypes) AND (metastatic OR metastasic OR
advanced OR inoperable). Given the expected scarcity of
evidence on the topic we did not include further restrictions
regarding HoR status and prognosis/prediction-related
terms, so as to maximize data retrieval. Both full articles
and studies published in abstract form were included in the
analysis, if PFS or TTP data were directly available or
computable. The search was conducted on the electronic
databases PubMed and the Cochrane Controlled Register of
Trials (CENTRAL). Cross-references between studies and on-
line archives of main international congresses, including Eu-
ropean Society for Medical Oncology (ESMO) and American
Society of Clinical Oncology (ASCO) Congresses, as well as the
San Antonio Breast Cancer Symposium (SABCS), were also
consulted, including 2022 editions.

Data extraction and objectives

Data and details on patients and tumor characteristics,
study design, interventions and outcome were extracted
from each paper. Only the most recent and complete re-
ports were included when duplicate publications were
identified. The primary objective was to demonstrate a PFS/
TTP advantage for the LumA subtype compared to the other
IS in HoRþMBC. Secondary objectives were to demonstrate
the better PFS/TTP for LumA compared to other IS ac-
cording to treatment, menopausal and HER2 status. An
exploratory OS analysis of non-LumA versus LumA disease
was also carried out. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) for PFS/TTP and OS had to be available
or computable.

Statistical analyses

Since a certain degree of heterogeneity was expected, an-
alyses were carried out under the random-effect model of
DerSimonian and Laird. Heterogeneity was assessed
through Cochran’s Q and I2. Publication bias was explored
through funnel plot visual inspection and Egger’s and Begg’s
linear regression tests for funnel plot asymmetry.37 Multiple
sensitivity analyses were also conducted.37,38 Subgroup
analyses with prespecified subgroups of interest (i.e.
treatment type, HER2 status, separate IS, menopausal sta-
tus) were carried out. The Cochrane risk of bias assessment
tool was employed to assess the quality of the data ob-
tained and the risk of bias in each study.36 All tests were
two-sided and the threshold for significance was set at P <
0.05. RevMan version 5.4 (The Cochrane Collaboration,
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F. Schettini et al. ESMO Open
London, UK) and R version 3.6.1 (R Foundation for Statis-
tical Computing, Vienna, Austria) for MacOSX were used
for statistical analyses. The study was registered in the
PROSPERO online database with ID: CRD42021255769.

RESULTS

Summary of studies and patient characteristics

The selection process is summarized in the PRISMA dia-
gram (Supplementary Figure S1, available at https://doi.
org/10.1016/j.esmoop.2023.101214). From PubMed and
Cochrane CENTRAL, 360 studies were extracted, 11 of
which reported information on BC IS in HoRþ MBC. Pre-
liminary results were reported as poster presentation at
the SABCS 2021 (see Note). Then, two more references
were assessed for inclusion in 2022, including a late-
breaking abstract from the 2022 ESMO Congress. There-
fore, a literature search with the same query was again
carried out on 12 September 2022 (details not reported),
but no new studies were identified. Overall, 13 prospective
trials [12 randomized controlled trials (RCTs) and 1 non-
randomized] assessed retrospectively IS in HoRþ
MBC.25,32-35,39-44 Ten of 13 identified studies carried out a
prognostic assessment, although only 7 provided sufficient
data to be included in this meta-analysis (Table 1).25,32-35

Of these, the primary endpoint was PFS or TTP, while OS
was a secondary endpoint, available for five (71%) studies.
However, for the MONALEESA 2/3/7 trials, only pooled OS
results according to IS and treatment arm were available.

Six (85%) randomized phase III trials and one (15%)
single-arm phase II trial were included. Endocrine therapy
(ET) with or without targeted therapy (TT) was used in five
of six (83.3%) phase III trials, while CT was the backbone of
treatment in one of six (16.7%) phase III trials. The non-
randomized phase II study involved treatment with ET þ
TT. TT administered in the included studies was repre-
sented by anti-HER2 lapatinib and trastuzumab, mamma-
lian target of rapamycin inhibitor everolimus and
cyclin-dependent kinase 4/6 (CDK4/6) inhibitors palboci-
clib or ribociclib. All the original research articles were
published between 2014 and 2021. A total of 2536 pa-
tients with IS data were included. Seventy-two percent
(min-max: 54.2%-80.6%) of samples were from primary
tumors and 28% (min-max: 19.2%-42.4%) were metastatic.
Overall, 1401 (55.2%) non-LumA subtypes and 1135
(44.8%) LumA subtypes were identified. Among non-LumA
diseases, 574 (41.0%) were LumB, 280 (20.0%) HER2-E and
62 (4.4%) BL, while 299 (21.3%) were classified as NL and
186 (13.3%) were only reported to be non-LumA, without
providing detailed IS classification and after excluding NL.
In all included studies, PAM50 subtyping was carried out
under the nCounter platform (NanoString Technologies,
Seattle, WA), although different nCounter gene panels
were used.13,25,32-35 All studies were conducted in patients
with HoRþ MBC, with two (28.6%) of them also including
HoRþ/HER2þ disease. One (i.e. PATRICIA) included 55
(77.5%) HoRþ/HER2þ and 16 (22.5%) HoR-negative/
HER2þ patients, and PAM50 subtyping could be carried
Volume 8 - Issue 3 - 2023 https://doi.org/10.1016/j.esmoop.2023.101214 3
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out on 59 samples (83.1%). In this pooled analysis, results
specific to the HoR-negative/HER2þ subpopulation were
excluded. Another trial (i.e. EGF30008) included 157
(19.6%) patients with HoRþ/HER2þ tumors and 644
(80.4%) patients with HoRþ/HER2-negative disease.25,33

Separate results for the two subpopulations were consid-
ered. Five (71.4%) studies included postmenopausal pa-
tients only, one (14.3%) study enrolled both pre- and
postmenopausal women and one (14.3%) study enrolled
Study or subgroup log (Hazard ratio) SE 
1.1.1 Basal-like 
Basal-like/BOLERO 2 (eve + exe) -0.4462871 1.01231192 
Basal-like/BOLERO 2 (exe) 0.01291623 0.60578073 
Basal-like/EGF30008/HER2 + (letro + lap versus letro) 1.52409787 0.46290404 
Basal-like/EGF30008/HER2-neg (letro + lap versus letro) 0.92028275 0.24659132 
Basal-like/MONALEESA 2/3/7 (ribo + ET versus ET) 1.37624403 0.24082953 
Subtotal (95% Cl) 
Heterogeneity: τ2 = 0.15; χ2 = 8.23, df = 4 (P = 0.08); I2 = 51% 
Test for overall effect: Z = 3.80 (P = 0.0001) 

1.1.2 Normal-like 
Normal-like/BOLERO 2 (eve + exe) -0.74098451 0.3789099 
Normal-like/BOLERO 2 (exe) 0.071496 0.3149503 
Normal-like/EGF30008/HER2 + (letro + lap versus letro) 0.85696527 0.30258353 
Normal-like/EGF30008/HER2-neg (letro + lap versus letro) 0.57885803 0.15098841 
Normal-like/MONALEESA 2 (letro) 0.47623418 0.30415534 
Normal-like/MONALEESA 2 (ribo + letro) 0.30010459 0.42058839 
Normal-like/MONALEESA 3 (fulv) 0.47623418 0.26009743 
Normal-like/MONALEESA 3 (ribo + fulv) 0.0295588 0.25733367 
Normal-like/MONALEESA 7 (ribo + TAM/Al) 0.45742485 0.40596873 
Normal-like/MONALEESA 7 (TAM/Al) 0.45742485 0.32051692 
Normal-like/PATRICIA (palbo + letro + trastu) 0.97077892 0.56634744 
Subtotal (95% Cl) 
Heterogeneity: τ2 = 0.06; χ2 = 17.18, df = 10 (P = 0.07); I2 = 42% 
Test for overall effect: Z = 2.99 (P = 0.003) 

1.1.3 Luminal B 
Luminal B/BOLERO 2 (eve + exe) 0.32850407 0.25248245 
Luminal B/BOLERO 2 (exe) -0.2342813 0.34221747 
Luminal B/EGF30008/HER2 + (letro + lap versus letro) 0.5110256 0.24912557 
Luminal B/EGF30008/HER2-neg (letro + lap versus letro) 0.38390093 0.1101262 
Luminal B/MONALEESA 2 (letro) 0.75141609 0.22275783 
Luminal B/MONALEESA 2 (ribo + letro) 0.72754861 0.26557879 
Luminal B/MONALEESA 3 (fulv) 0.29266961 0.27023397 
Luminal B/MONALEESA 3 (ribo + fulv) -0.2757535 0.24998182 
Luminal B/MONALEESA 7 (ribo + TAM/Al) 0.72270598 0.3438346 
Luminal B/MONALEESA 7 (TAM/Al) 0.47000363 0.27299777 
Luminal Bf PATRICIA (palbo + letro + trastu) 0.3220835 0.51797484 
Subtotal (95% Cl) 
Heterogeneity: τ2 = 0.04; χ2 = 16.13, df = 10 (P = 0.10); I2 = 38% 
Test for overall effect: Z = 3.92 (P < 0.0001) 
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HER2-E/MONALEESA 3 (ribo + fulv) 0.31481074 0.21950081 
HER2-E/MONALEESA 7 (ribo + TAM/Al) 0.99325177 0.36899216 
HER2-E/MONALEESA 7 (TAM/ Al)  0.97455964 0.3111819 
HER2-E/PATRICIA (palbo + letro + trastu) 1.41342303 0.50750648 
Subtotal (95% Cl) 
Heterogeneity: τ2 = 0.15; χ2 = 27.55, df = 10 (P = 0.002); I2 = 64% 
Test for overall effect: Z = 5. 76 (P < 0.00001) 

1.1.5 Non-luminal A 
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Subtotal (95% Cl) 
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Heterogeneity: Not applicable 
Test for overall effect: Z = 3.30 (P = 0.0010) 

Total (95% Cl) 
Heterogeneity: τ2 = 0.11; χ2 = 97.12, df = 38 (P < 0.00001); I2 = 61% 
Test for overall effect: Z = 7.84 (P < 0.00001) 
Test for subgroup differences: χ2 = 12.53, df = 4 (P = 0.01), I2 = 68.1% 
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Figure 1. Progression-free survival of non-luminal A versus luminal A breast tumo
AI, aromatase inhibitor; CI, confidence interval; ET, endocrine therapy; eve, evero
epidermal growth factor receptor 2-enriched; IV, inverse variance; lap, lapatinib; le
trastu, trastuzumab; TXT, docetaxel.
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only premenopausal patients. Treatment details and main
study characteristics are reported in Table 1.
Primary objective and subgroup analysis according to
individual intrinsic subtypes

Non-LumA disease was associated with worse PFS/TTP
compared to the LumA subtype (HR 1.77, 95% CI 1.54-2.05,
P < 0.001). Moderate heterogeneity was observed [I2 ¼
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61%, Pheterogeneity (PH) < 0.001] (Figure 1). Considering that
NL tumors are usually considered as an artifact instead of an
independent subtype,13 we repeated the analysis after
removing NL. The results did not substantially change (HR of
non-LumA versus LumA 1.93, 95% CI 1.62-2.29, P < 0.001;
I2 ¼ 64%, PH < 0.001). The test for subgroup differences
according to each individual IS (versus LumA) was also
statistically significant [P value for subgroup differences
(Psub) ¼ 0.01], with LumB (HR 1.46, 95% CI 1.21-1.77, P <
0.001), HER2-E (HR 2.39, 95% CI 1.78-3.21, P < 0.001), BL
(HR 2.67, 95% CI 1.61-4.43, P < 0.001) and NL (HR 1.44,
95% CI 1.13-1.82, P ¼ 0.003) all performing worse than
LumA. Results were confirmed also when removing the NL
subtype (Psub ¼ 0.02).

Worse prognosis for non-LumA subtypes versus LumA
was observed in all prespecified subgroups, namely HoRþ/
HER2þ (HR 2.19, 95% CI 1.61-2.97, P < 0.001; Figure 2)
and HER2-negative (HR 1.71, 95% CI 1.46-2.00, P < 0.001;
Figure 2), patients treated with ET alone (HR 1.72, 95%
Study or subgroup log (Hazard ratio) SE W
1.2.1 HER2-positive 
Basal-like/EGF30008/HER2 + (letro + lap versus letro) 1.52409787 0.46290404 
HER2-E/EGF30008/HER2 + (letro + lap versus letro) 0.65336631 0.24502739 
HER2-E/PATRICIA(palbo + letro + trastu) 1.41342303 0.50750648 
Luminal B/EGF30008/HER2 + (letro + lap versus letro) 0.5110256 0.24912557 
Luminal Bf PATRICIA (palbo + letro + trastu) 0.3220835 0.51797484 
Normal-like/EGF30008/HER2 + (letro + lap versus letro) 0.85696527 0.30258353 
Subtotal (95% Cl) 
Heterogeneity: τ2 = 0.03; χ2 = 6.39, df = 5 (P = 0.27); I2 = 22% 
Test for overall effect: Z = 4.97 (P < 0.00001) 

1.2.2 HER2-negative 
Basal-like/BOLERO 2 (eve + exe) -0.4462871 1.01231192 
Basal-like/BOLERO 2 (exe) 0.01291623 0.60578073 
Basal-like/EGF30008/HER2-neg (letro + lap versus letro) 0.92028275 0.24659132 
Basal-like/MONALEESA 2/3/7 (ribo + ET versus ET) 1.37624403 0.24082953 
HER2-E/BOLERO 2 (eve + exe) 0.46937843 0.23947879 
HER2-E/BOLERO 2 (exe) 0.15014266 0.29248097 
HER2-E/EGF30008/HER2-neg (letro + lap versus letro) 1.16096091 0.28848294 
HER2-E/MONALEESA 2 (letro) 1.90805992 0.34019966 
HER2-E/MONALEESA 2 (ribo + letro) 1.09861229 0.34354314 
HER2-E/MONALEESA 3 (fulv) 1.02961942 0.32185883 
HER2-E/MONALEESA 3 (ribo + fulv) 0.31481074 0.21950081 
HER2-E/MONALEESA 7 (ribo + TAM/Al) 0.99325177 0.36899216 
HER2-E/MONALEESA 7 (TAM/Al) 0.97455964 0.3111819 
Luminal B/BOLERO 2 (eve + exe) 0.32850407 0.25248245 
Luminal B/BOLERO 2 (exe) -0.2342813 0.34221747 
Luminal B/EGF30008/HER2-neg (letro + lap versus letro) 0.38390093 0.1101262 
Luminal B/MONALEESA 2 (letro) 0.75141609 0.22275783 
Luminal B/MONALEESA 2 (ribo + letro) 0.72754861 0.26557879 
Luminal B/MONALEESA 3 (fulv) 0.29266961 0.27023397 
Luminal B/MONALEESA 3 (ribo + fulv) -0.2757535 0.24998182 
Luminal B/MONALEESA 7 (ribo + TAM/Al) 0.72270598 0.3438346 
Luminal B/MONALEESA 7 (TAM/Al) 0.47000363 0.27299777 
Non-luminal A/DBCG (TXT + Gem versus TXT) 0.5798185 0.17555927 
Normal-like/BOLERO 2 (eve + exe) -0.74098451 0.3789099 
Normal-like/BOLERO 2 (exe) 0.071496 0.3149503 
Normal-like/EGF30008/HER2-neg (letro + lap versus letro) 0.57885803 0.15098841 
Normal-like/MONALEESA 2 (letro) 0.47623418 0.30415534 
Normal-like/MONALEESA 2 (ribo + letro) 0.30010459 0.42058839 
Normal-like/MONALEESA 3 (fulv) 0.47623418 0.26009743 
Normal-like/MONALEESA 3 (ribo + fulv) 0.0295588 0.25733367 
Normal-like/MONALEESA 7 (ribo + TAM/Al) 0.45742485 0.40596873 
Normal-like/MONALEESA 7 (TAM/Al) 0.45742485 0.32051692 
Normal-like/PATRICIA (palbo + letro + trastu) 0.97077892 0.56634744 
Subtotal (95% Cl) 
Heterogeneity: τ2 = 0.12; χ2 = 88.00, df = 32 (P < 0.00001); I2 = 64% 
Test for overall effect: Z = 6.70 (P < 0.00001) 

Total (95% Cl) 1
Heterogeneity: τ2 = 0.11; χ2 = 97.12, df = 38 (P < 0.00001); I2 = 61% 
Test for overall effect: Z = 7.84 (P < 0.00001) 
Test for subgroup differences: χ2 = 1.94, df = 1 (P = 0.16), I2 = 48.5% 

Figure 2. Subgroup analysis according to HER2 status.
AI, aromatase inhibitor; CI, confidence interval; ET, endocrine therapy; eve, evero
epidermal growth factor receptor 2-enriched; IV, inverse variance; lap, lapatinib; neg,
TXT, docetaxel.

Volume 8 - Issue 3 - 2023
CI 1.31-2.26, P < 0.001; Figure 3), ET þ TT (HR 1.80, 95% CI
1.50-2.16, P < 0.001; Figure 3) or CT (HR 1.79, 95% CI
1.127-2.52, P < 0.001; Figure 3) and in premenopausal (HR
2.15, 95% CI 1.67-2.76, P < 0.001; Figure 4) and post-
menopausal (HR 1.69, 95% CI 1.43-1.99, P < 0.001;
Figure 4) disease. Additionally, there were no significant
subgroup differences based on HER2 status (Psub ¼ 0.16),
type of systemic treatment (Psub ¼ 0.96) and menopausal
status (Psub ¼ 0.12) (Figures 2-4).

Non-LumA tumors showed an associationwith worse OS in
comparison to LumA disease, as well (HR 2.00, 95% CI 1.63-
2.45, P< 0.001) with similar heterogeneity to that observed
for the primary endpoint (I2 ¼ 65%, PH < 0.001)
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2023.101214). LumB (HR 1.41, 95% CI 1.20-
1.66, P < 0.001), HER2-E (HR 2.08, 95% CI 1.62-2.69, P <
0.001), BL (HR 3.26, 95% CI 1.84-5.77, P< 0.001) and NL (HR
2.30, 95% CI 1.37-3.86, P ¼ 0.002) were confirmed to be
associated with worse OS than LumA (Psub ¼ 0.005)
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Figure 3. Subgroup analysis according to systemic treatment.
AI, aromatase inhibitor; CI, confidence interval; ET, endocrine therapy; eve, everolimus; exe, exemestane; fulv, fulvestrant; gem, gemcitabine; HER2-E, human epidermal
growth factor receptor 2-enriched; IV, inverse variance; lap, lapatinib; neg, negative; rib, ribociclib; SE, standard error; TAM, tamoxifen; trastu, trastuzumab; TXT, docetaxel.
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(Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2023.101214). Further subgroup analyses of
OS according to HER2 status, treatment type andmenopausal
status were not conducted for the paucity of available data.
Sensitivity analyses, publication bias and risk of bias
analysis

To explore the potential causes of the heterogeneity
observed for the primary analysis, we first conducted a
leave-one-out analysis. After sequentially removing each
single study and each IS comparison, and re-running the
analyses multiple times, we observed that no single com-
parison influenced the overall result; leave-one-out HR
ranged from 1.73 to 1.82, all being statistically significant
(i.e. P < 0.001). The residual I2 ranged from 54.2% to 61.9%
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(PH < 0.001 for all analyses) (Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2023.
101214).

Regarding the influential analysis, we observed that the
most influential comparisons were the following: NL versus
LumA (BOLERO2 everolimus plus exemestane arm), HER2-E
versus LumA (MONALEESA 2 letrozole arm), LumB versus
LumA (MONALEESA 3 ribociclib plus fulvestrant arm) and BL
versus LumA comparison (MONALEESA 2/3/7 overall pop-
ulation) (Supplementary Figure S3, available at https://doi.
org/10.1016/j.esmoop.2023.101214).

After excluding all these four comparisons, non-LumA
disease was still found significantly associated with poorer
PFS/TTP than LumA subtype (HR 1.79, 95% CI 1.50-2.24, P <
0.001), without significant heterogeneity (I2 ¼ 27.4%, PH ¼
0.07). Therefore, the primary result was not significantly
Volume 8 - Issue 3 - 2023
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Figure 4. Subgroup analysis according to menopausal status.
AI, aromatase inhibitor; CI, confidence interval; ET, endocrine therapy; eve, everolimus; exe, exemestane; fulv, fulvestrant; gem, gemcitabine; HER2-E, human
epidermal growth factor receptor 2-enriched; IV, inverse variance; lap, lapatinib; neg, negative; rib, ribociclib; SE, standard error; TAM, tamoxifen; trastu, trastuzumab;
TXT, docetaxel.
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affected by the most influential cases. No publication bias
was observed (Egger’s P ¼ 0.492; Begg’s P ¼ 0.719;
Supplementary Figure S4A, available at https://doi.org/10.
1016/j.esmoop.2023.101214). Finally, the analysis of the
risk of bias did not show substantial concerns with respect
to studies’ internal validity (Supplementary Figures S4B and
S5, available at https://doi.org/10.1016/j.esmoop.2023.
101214).
DISCUSSION

In our trial-level meta-analysis, the prognostic role of
PAM50 IS in the context of HoRþ MBC was confirmed, with
LumA being the subtype with better prognosis, compared
to all others, either separately or taken together, and
independently of treatment type, HER2 and menopausal
status. Conversely, HER2-E and BL were the subtypes at
worst prognosis. These findings are in line with what has
been demonstrated in the last couple of decades in early-
stage disease, after the discovery of IS by Perou and
Volume 8 - Issue 3 - 2023
colleagues in 2000 and subsequent development of the
PAM50 assay to detect them in individual patient’s tu-
mors.4,8-12,45-48 PAM50 IS detection has not been broadly
implemented in the clinic, because the standardized PAM50
assay Prosigna® was approved for clinical use only in early-
stage HoRþ/HER2-negative disease. Our results in HoRþ
metastatic disease point out that PAM50 IS adds important
biological information in this context and may be helpful in
accurately identifying expected clinical evolution of the
disease, providing more accurate prognostication beyond
standard clinicopathological features.

Noteworthy, from some of the 13 prospective trials in
HoRþ MBC where retrospective correlative biomarker an-
alyses were conducted to assess IS clinical value, a potential
therapeutic predictive role also seemed to emerge. For
example, Prat et al. showed that identifying BL tumors with
the PAM50 assay could be useful to identify a small sub-
group of HoRþ/HER2-negative MBC substantially resistant
to either ET or ET plus CDK4/6 inhibitors, the current first/
second-line standard of care.34,49 These tumors might gain
https://doi.org/10.1016/j.esmoop.2023.101214 7
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benefit from alternative CT-based therapeutic options.
Moreover, the HER2-E subtype within HoRþ/HER2-negative
MBC may be particularly sensitive to ribociclib added to
ET,34 or even sensitive to anti-HER2-directed therapies,
despite lack of HER2 amplification.33 However, there were
no sufficient and homogeneous data to assess the predic-
tive role of PAM50 IS in a meaningful pooled analysis.

Importantly, prospective clinical trials led by the Spanish
Cooperative Research Group SOLTI are ongoing and specif-
ically designed to assess the clinical utility of PAM50 IS as a
predictive tool for the personalized treatment of patients
with HoRþ/HER2-negative MBC (NCT04460430,
NCT04251169, NCT05207709, NCT04142060). Paradigmatic
in this perspective is the HARMONIA randomized phase III
trial, which is randomizing patients with HoRþ/HER2-
negative/HER2-E MBC to receive either palbociclib or ribo-
ciclib plus ET. Additionally, an exploratory cohort of patients
with HoRþ/HER2-negative/BL tumors will be treated with
upfront CT plus immunotherapy, instead of ET.50 To note, in
our retrospective joint analysis, a proportion of w12% of
cases had been classified as NL. For this reason, some might
consider PAM50 subtyping for inclusion in clinical trials as
potentially impaired by the identification of NL breast tu-
mors, providing that this subset is more of a technical artifact
rather than a true subtype.7 Nevertheless, in a prospective
clinical trial context, with a careful selection of the most
appropriate pathology samples, along with centralized sam-
ple processing for RNA extraction and subtyping, the expe-
rience coming from the same SOLTI group suggests that it is
extremely rare to observe tumors classified as NL.

Our study has some limitations to consider. Firstly, no
sufficient data were available to carry out a more detailed
OS assessment with meaningful subgroup analyses,
although what observed for PFS/TTP result, overall and
according to each IS, seemed to be confirmed at the OS
level. Secondly, three studies with prognostic information
could not be included in this pooled analysis because: (1)
the data provided were insufficient (i.e. only P values
without HR and 95% CI in the Young-PEARL trial of first-line
palbociclib plus ET versus capecitabine in premenopausal
women); (2) a different comparison was realized (i.e.
luminal A þ B versus non-luminal in the Young-PEARL trial
and within the MONARCHER trial of late-line abemaciclib
plus trastuzumab with/without fulvestrant versus CT plus
trastuzumab); (3) a different survival endpoint was assessed
(i.e. long- and short-term post-relapse survival in the CT-
based TEX trial).39,41,42 Different outcomes were also
observed in other three RCTs, namely the pivotal trials of
palbociclib plus letrozole or fulvestrant PALOMA 2 and 3,
respectively, and the PEARL trial of palbociclib plus ET
versus capecitabine in postmenopausal women.40,43,44

However, no formal comparison was carried out because
the main focus of the biomarker analysis was to demon-
strate a potential predictive role.40,43,44 Thirdly, the BL
versus LumA comparison for the MONALEESA trials
included in our analysis was not provided for each study
separately, because of the low number of cases. Thus, the
pooled MONALEESA 2/3/7 result was considered. Similarly,
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but for the entire OS exploratory analysis, only pooled
MONALEESA 2/3/7 data for each IS were available, limiting
the possibility to carry out subgroup analyses. Fourthly, the
result from the non-randomized PATRICIA trial included
both ET-treated and ET-untreated patients. Reassuringly, the
recently presented updated analyses of the MONARCHER
trial in a pure HoRþ/HER2þ population showed that
luminal A þ B disease was associated with longer PFS (8.6
versus 5.4 months, HR 0.54, 95% CI 0.38-0.79) and OS (31.7
versus 19.7 months, HR 0.68, 95% CI 0.46-1.00) versus non-
luminal metastatic disease, though a separate comparison
against LumA-only tumors was not provided.42 Finally, the
sub-analysis regarding CT might have been influenced by
the low number of cases and should be taken with caution.
Moreover, no separate result according to subtype was
provided in the DBCG trial, where all IS were regrouped in
non-LumA and LumA. Nevertheless, in support of our
analysis, a second CT-based trial, the TEX of first-line pacli-
taxel plus epirubicin plus capecitabine versus paclitaxel plus
epirubicin, showed poorer prognosis for HER2-E and BL IS
compared to LumA in terms of short- and long-term post-
relapse survival.41

Despite some limitations, our meta-analysis is the first to
have grouped all available evidence on the topic; sensitivity
and risk of bias analyses were reassuring that results are
robust. Furthermore, in all included studies, IS were detected
through a NanoString nCounter® platform with a PAM50 al-
gorithm, thus results were not biased by the potential lack of
interchangeability among different subtyping methodologies
and technological platforms, as we have elsewhere pointed
out.13 What remains to be addressed is the relevance of
tracking the molecular evolution of the disease through
treatment lines, provided that a subtype shift promoted by
different treatments has been demonstrated in several
translational and preclinical studies,18,51-53 as well as het-
erogeneity between different metastatic tumor sites.54 In all
studies assessing IS prognostic value, mixed primary and
metastatic biopsies were analyzed. In addition, no compari-
son of the prognostic role at different time points of the
natural history of the disease has been carried out so far.
Moreover, a change in tumor biology has been demonstrated
to occur between primary and metastatic disease, with a
tendency to shift from less to more aggressive IS while more
aggressive disease, particularly BL, showing a tendency to
remain stable over time.18,55 It is currently unknownwhether
a subtype change might truly have an impact on prognosis
beyond the original IS identified either in the primary or the
first metastatic assessment. This implies that the best time-
point to detect IS in themetastatic setting is yet to be defined,
provided that a single assessment is sufficient for an optimal
prognostic evaluation.

In conclusion, this trial-level meta-analysis established
the prognostic value of PAM50 IS in HoRþ MBC, beyond
treatment, menopausal and HER2 status, with LumA being
the most favored subtype and HER2-E and BL showing the
worst outcomes. Nevertheless, before entering the routine
clinical setting, further implementation of intrinsic subtyp-
ing should be encouraged in the context of prospective
Volume 8 - Issue 3 - 2023
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clinical trials, either for prognostic stratification of the
population enrolled or for selecting patients to receive
more tailored therapeutic strategies (escalation versus
de-escalation, targeted approaches). Finally, more efforts
should be done to clarify potential clinical implications of
assessing the PAM50 IS in different tumor sites (primary
versus metastatic) and at multiple timepoints during the
natural history of the disease.
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