
 
                                                                                                              Volume No. 19 | Issue No. 01 | 2026 

SciEnggJ 
46 

 
  
 

  
IHC/FISH concordance and prognostic value 
of microarray-based genomic profiling tests 
in breast cancer molecular subtyping: A 
systematic review 
 
Nash Daniel Silava∆1, Elgin Paul Quebral∆2, Eric David Ornos3, Vivien 
Josol4, Dominic Karl Bolinas5, Karol Ann Baldo5, Abialbon Francisco6, 
Apple Valparaiso1, and Sheriah Laine de Paz-Silava*2 

 
1Department of Surgery, Philippine General Hospital, University of the Philippines Manila, Ermita, 

Manila, 1000 Philippines 
2Virology Laboratory, Department of Medical Microbiology, College of Public Health, University of 

the Philippines Manila, Ermita, Manila, 1000 Philippines  
3Department of Medicine, Philippine General Hospital, University of the Philippines Manila, Ermita, 

Manila, 1000 Philippines 
4Lung Center of the Philippines, Diliman, Quezon City, 1100 Philippines 
5College of Medicine, University of the Philippines Manila, Ermita, Manila, 1000 Philippines 
6Department of Veterinary Paraclinical Sciences, College of Veterinary Medicine, University of the 

Philippines Los Baños, College, Los Baños, Laguna, 4031 Philippines 
 
∆Co-First Authors 
 
 
ABSTRACT 
 
Breast cancer is a major public health concern worldwide. Accurate 
molecular subtyping is essential for appropriate patient 
management. Conventional pathology-based 
(immunohistochemistry/fluorescence in situ hybridization, 
IHC/FISH) tests have been the cornerstone of molecular subtyping, 
but newer genomic-based microarray techniques have shown 
promise to better classify tumors. Therefore, we aimed to 
systematically review the concordance and prognostic value of 
microarray-based breast cancer subtyping techniques. Scopus, 
Google Scholar, PubMed and Cochrane databases were 
systematically searched according to PRISMA guidelines. Articles 
comparing IHC/FISH- and microarray-based subtyping were 
included. Data on concordance, treatment response, and survival 
outcomes were extracted and analyzed. Independent reviewers 
assessed all articles against the inclusion and exclusion criteria. 
The concordance of microarray with IHC/FISH varied in the 
selected 45 articles. Studies using TargetPrint reported up to 100% 
concordance while one PAM50 study reported concordance rates 

as low as 54–60%. Some BluePrint-based microarray assays 
reclassified approximately 18% of luminal tumor to basal type, and 
5% of ER+HER2- tumors to basal type. Microarray-based 
technologies have shown potential in prognosticating treatment 
outcomes and survival, and they may enhance breast cancer 
subtyping and improve the prediction of clinical outcomes. Future 
directions should focus on the standardization of microarray-based 
subtyping techniques and validating their clinical utility in various 
populations.  
 
 
INTRODUCTION 
 
Breast cancer remains a leading cause of disease burden 
worldwide. Globally, it is second to lung cancer in incidence, with 
2.3 million new cases.  It was also the fourth leading cause of 
cancer-related deaths with 665,000 deaths in 2022 (Bray et al., 
2024). In women, it remains  the most diagnosed cancer and the 
leading cause of cancer death, accounting for approximately one in 
four cancer cases and one in six cancer deaths in women 
worldwide. In 2020, the global prevalence was 7.8 million in 
women with 685,000 deaths (Lei et al., 2021). Since the 1980s, 
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there has been a decline in breast cancer death rates and an increase 
in the incidence rates worldwide. Age-standardized breast cancer 
mortality in developed countries has dropped by 40% in the past 40 
years, and this has been attributed to advances in breast cancer early 
detection, timely diagnosis, and comprehensive treatment. The 
strategies to improve these outcomes rely on the fundamental 
health systems to deliver the appropriate treatment. Dramatic 
technological advancements in the field of molecular medicine in 
the last decade have been a game-changer in providing up-to-date 
clinical practice guidelines on breast cancer and other diseases 
(Ortega et al. 2024, Sifakis et al. 2024). 
 
The knowledge on breast cancer and its treatment has progressed 
rapidly with novel innovations such as 
immunohistochemistry/fluorescence in situ hybridization 
(IHC/FISH) studies. These advancements in molecular 
characterization gave rise to breast cancer neoadjuvant therapies 
and hormonal treatments through the detection of estrogen receptor 
(ER), progesterone receptor (PR), and human epithelial growth 
factor receptor 2 (HER2). Depending on the presence or absence of 
these receptors, patients are classified into their corresponding 
molecular subtypes. These subtypes, as defined by the St. Gallen 
consensus on primary therapy of early breast cancer, helps guide 
the clinician towards personalized treatment (Harbeck et al., 2013). 
For example, triple-negative breast cancer (TNBC), a biological 
and heterogeneous subtype, is more common among younger 
women and those carrying a BRCA1 gene mutation. These patients 
are not eligible for endocrine or HER2-targeted therapy; thus, 
chemotherapy remains as the remaining treatment option along 
with surgery (Bernemann et al. 2014). While many patients may 
have the option to proceed with surgery or neoadjuvant 
chemotherapy, patients with TNBC benefit from neoadjuvant 
chemotherapy with 40-50% achieving a pathologic complete 
response (pCR) after treatment (Van Den Ende et al. 2023). Hence, 
it is important to ensure accurate classification of patients to ensure 
proper treatment leading to more favorable outcomes.  
 
To address this issue, molecular medicine approaches have been 
increasingly utilized to provide more appropriate management for 
breast cancer patients. In fact, newer breast cancer molecular 
subtyping technologies were key players in revamping the St. 
Gallen consensus, a major clinical practice guideline for breast 
cancer management. The recent 2023 St. Gallen International 
Breast Consensus Conference pushed for more personalized 
management based on the recent findings on more advanced breast 
cancer molecular subtyping. Using these newer technologies for 
molecular subtyping, several studies highlighted differences from 
the usual conventional IHC/FISH-based classifications (Curigliano 
et al. 2023). 
 
In recent years, newer genomic profiling tests based on microarray 
technology have emerged as new tools in molecular subtyping. 
Microarray technology can assess and determine simultaneously 
the genetic expression profiles across different genes in cancer cells 
(Sarhadi et al. 2024). Conventional IHC/FISH, in contrast, is 
limited to assessing only one to a few biomarkers. It is also 
important to consider that such histopathology-based methods, 
which rely mainly on the presence or absence of protein 
biomarkers, do not reflect the multigene signatures that can be seen 
in breast cancer tissue (Zubair, Wang & Ali 2021). Thus, this 
limitation of IHC/FISH can be assessed using gene-expression 
studies (e.g. microarray), which can characterize multiple 
pathways by analyzing heatmaps of upregulated and 
downregulated genes associated with breast cancer (Zubair, Wang 
& Ali 2021). Moreover, the genetic expression profiles in cancer 
cells may not always be concordant with what can be observed 
through IHC/FISH results. Several clinical studies have explored 
the utility of microarray technology as well in the management of 
breast cancer. In this review, we aimed to determine the role of 
microarray-based genomic profiling tests in breast cancer 
subtyping by reviewing its concordance with conventional 

IHC/FISH methods and its prognosticating value on clinical 
outcomes such as therapy response rates and survival. 
 
 
MATERIALS AND METHODS 
 
Search Strategy 
The systematic review was accomplished in October to December 
2023 in accordance with the updated Preferred Reporting Items for 
Systematic Review and Meta-Analysis (PRISMA) guidelines. 
There was no restriction on publication date included in the search. 
A comprehensive systematic search of Scopus, PubMed, Cochrane, 
and Google Scholar was performed. The search strategies 
incorporated the population, intervention, comparator, and 
outcome (PICO) in this study. The search was restricted to research 
published in the English language. The search strategy used is 
shown in Table 1. 
 
Table 1: Search strategy for the systematic review. 

((breast cancer*) OR (breast carcinoma) OR (breast neoplasm*) 
OR (mammary neoplasm*) OR (mammary cancer*) OR 
(mammary carcinoma*) OR (breast tumor*) OR (breast 
malignant tumor) OR (breast malignanc*) OR (mammary 
tumor) OR (mammary malignanc*) OR (breast malignant 
tumor) OR (mammary malignant tumor))  
 
AND 
(((microarray*) or (microarray analysis)) AND ((molecular* 
subtyp*) OR (molecular subtyping) OR (molecular subtypes))) 
 
AND 
(FISH Techni*) OR (Fluorescent in Situ Hybridization*) OR 
(Fluorescence in Situ Hybridization*) OR 
(Immunocytochemistr*) OR (immunohistochemistr*) 
 
AND 
diagnosis OR diagnoses OR diagnostic* OR  concordan* OR 
discordan* OR prognosis OR prognoses OR prognostic* OR 
survival OR response* OR outcome* 

 
Operational definition of terms  
In this systematic review, the operational definitions of 
concordance, response to therapy and survival were defined. 
Concordance is defined as agreement or consistency between 
IHC/FISH and microarray technique, usually presented as a 
percentage of similarity in results or as percent disagreement or 
discordance. Response to therapy is defined as the outcome of a 
patient after undergoing chemotherapy, neoadjuvant 
chemotherapy, radiation therapy, and/or surgery, usually expressed 
as clinical complete response (cCR) or pCR rates, used to 
determine the prognostic value of microarray technology. Survival 
is defined as the state of being alive, usually measured after a 
defined number of years after diagnosis or treatment and 
sometimes expressed as survival rate or mortality rate.  
 
Inclusion and Exclusion Criteria 
The current study included quantitative studies, including 
observational study designs such as cross-sectional, case-control 
and cohort studies, and interventional study designs like 
randomized controlled trials and nonrandomized controlled trials.  
Narrative reviews, commentaries, editorials, letters, position 
papers and mini-reviews, case-series, case reports, and 
experimental studies such as laboratory and in silico-based 
researches were excluded from the study. The inclusion criteria are 
as follows: (1) enrollment of adult (age ³ 18 years old) patients 
with breast cancer; (2) utilized a microarray-based genomic 
profiling technology for molecular subtyping of breast cancer 
tissue; (3) assessed subtyping for estrogen receptor (ER), 
progesterone receptor (PR), HER2, luminal A, luminal B, or basal 
type;  (4) used conventional IHC/FISH for subtyping as 
comparator; and (5) assessed at least one outcome of the three 
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outcome measures (concordance of breast cancer subtype 
classification, response to therapy, survival or mortality). On the 
other hand, the exclusion criteria are as follows: (1) use of 
specimens other than breast tissue (e.g. cell free DNA in plasma); 
(2) use of a novel IHC/FISH technique that is not previously 
validated clinically as comparator; and (3) enrolled patients that 
have metastatic disease at baseline, patients with prior 
chemotherapy, radiotherapy, or endocrine therapy, or with 
concurrent uncontrolled infections or uncontrolled comorbid 
disease. For articles that did not mention the age of patients from 
which samples were taken, the studies were still included since 
most breast cancer cases are seen in the adult population.  
 
Selection of Studies 
The selection process involved two phases: (1) title and abstract 
screening; and (2) full-text review. Two authors independently 
reviewed the selected articles using the inclusion and exclusion 
criteria. The decision to include the article was reached through a 
consensus. In case a consensus could not be made, consultation 
with a third author was done.   
 
Data Extraction 
Data from the selected studies were extracted using standardized 
data collection spreadsheets. Extracted information included study 
title, authors, year, country, study design, description of study 
population, sample size, and outcomes. Main information that was 
extracted and reported included the type of microarray technology 
used, the concordance estimates between IHC/FISH and the 
microarray technology in classifying the patients to molecular 
subtypes (e.g., Luminal A, Luminal B, HER2-enriched, basal, 
estrogen/progesterone/hormone receptor positive). Data on the 
prognostic value of microarray technology to determine response 
to therapy (including but not limited to chemotherapy, radiation 
therapy, and/or surgery) and survival or mortality rates were also 
retrieved.  
 
Synthesis and Analysis 
The data were synthesized through a narrative review, 
accompanied by a summary table. Other data included the number 
of published research papers per country, the number of 
publications per year, and the frequency of various microarray 
technologies used. 
 
 
RESULTS AND DISCUSSION 
 
Breast cancer imposes a substantial global disease burden, with 
most of the cases being diagnosed at advanced stages. Clinicians 
screen patients and often recommend surgery or neoadjuvant 
treatment. This decision considers breast cancer subtype 
classification, which is conventionally done with IHC/FISH. For 
management to be effective, it is important to classify patients 
accurately to subtypes that reflect the tumor biology. This study 
investigated the concordance and prognostic value of microarray-
based tests with conventional subtype classification.  
 

Figure 1 shows the PRISMA flow diagram of this systematic 
review. A total of 1,006 articles were retrieved from the database 
search, with 840 remaining after deduplication (Figure 1). After 
screening the titles and abstracts, 164 articles were selected. Most 
papers that were excluded focused on gene expression studies and 
research unrelated to microarray technology. After full-text 
analysis, 45 articles were selected for inclusion in the review.  
 

 
Figure 1: PRISMA flow diagram for the selection of included and 
excluded articles in the study. A total of 1006 publications were identified, 
where 166 duplications were removed. After rigorous screening, 795 
studies were excluded. The total number of published articles included in 
the review is 45. 

Figure 2 maps out the distribution of included studies examining 
microarray technology in the molecular subtyping of breast cancer. 
As shown in Figure 2, most of the studies included the European 
population (28/45, 62%), but the United States of America (USA) 
was the country that was most represented (11/45, 24%), followed 
by the Netherlands (10/45, 22%). A few more others were done in 
the South American and South African region. Asian countries 
were less represented except for a few ones done in Japan, South 
Korea, Singapore, China and some countries in the Middle East.  
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Figure 2: Distribution of studies that investigated microarray technology for breast cancer subtyping across different countries. The size of the circle 
reflects the number of studies that investigated the population of the country. The graph was created with Datawrapper. 

Figure 3 depicts the number of publications on microarray 
technology for breast cancer subtyping over time. There was a 
trend towards an increasing number of studies since 2008, with 
most of the publications done in the past ten years (Figure 3). 
Meanwhile, Figure 4 shows the distribution of microarray-based 
platforms that were used for subtyping of the included studies. A 
total of ten different microarray technologies were investigated 
among the papers (Figure 4). One-third of which investigated the 
PAM50 technology (18/54, 33.3%) followed by BluePrint (10/54, 
18.5%), MammaPrint (8/54, 14.8%) and TargetPrint (7/54, 13.0%).  
Key findings of the studies are found in Table 2 and discussed in 
the succeeding section.  
 

 
Figure 3: Number of publications on the use of microarray technology for 
breast cancer subtyping through the years. Most published articles 
included in the study were published in 2019 and 2023. 

 
Figure 4: The distribution of different microarray-based platforms for 
breast cancer subtyping investigated in the included studies (n=45). For 
studies that included more than one platform, each platform was counted 
as one (total of 54 counts). The articles included in this review mainly 
utilized PAM50 technology (n=18/54, 33.3%) in subtyping breast cancer. 

Concordance of Microarray-Based Technology with 
IHC/FISH 
Of the 45 included articles, 40 articles reported concordance rates 
between microarray methods and IHC/FISH (Table 2). The earliest 
BluePrint/MammaPrint study in the USA reported concordance 
rates as high as 94–95%, with MammaPrint classifying all HER2 
and basal-type tumors as high risk (Nguyen et al. 2012, Nunes et 
al. 2016). A more recent publication, however, showed that up to 
18% of luminal tumors in the same population are reclassified to 
basal type by the technology (Whitworth et al. 2017). Lower 
concordance rates that ranged from 65.3% to 76.6% were seen in 
studies published in the European area, with 30% of tumors having 
differed classifications using RNA-based methods (Slembrouck et 
al. 2019, Viale et al. 2018, Wuerstlein et al. 2019). Notably, in a 
study investigating 256 early-stage breast cancer patients 
scheduled for neoadjuvant chemotherapy, 5% of ER+HER2- 
tumors on IHC were basal type on BluePrint, and 5% of basal type 
were also reclassified as luminal (Goker et al. 2022). Moreover, 
among HER2+ tumors, a total of 37% of patients were reclassified 
by microarray as follows: 10% as luminal A, 22% as luminal B, 
and 5% as basal type. In another study that explored HER2 
equivocal tumors on FISH, BluePrint testing classified them as 
HER2 negative (Bai et al. 2023). 
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Highest concordance rates of up to 100% were reported for 
TargetPrint technology, especially when discordant cases were 
retested for IHC/FISH (Grant et al. 2015). In a study done in the 
USA, concordance between IHC and TargetPrint was 93% for ER 
and 83% for PR (Roepman et al. 2009). In another study done in 
Germany, the concordances of ER, PR, and HER2 were 97%, 86%, 
and 94% respectively (Gevensleben 2010). A multicenter study 
showed similar findings of 95% concordance for ER, 80% for PR, 
and 94% for HER2 (Wesseling et al. 2016). For ER status, 82% 
concordance was seen in IHC, TargetPrint, and BluePrint, but 
BluePrint was more concordant with TargetPrint than with IHC 
(Bai et al. 2023, Wesseling et al. 2016). 
 
Among the different technologies, PAM50 (18/54, 33.3%) had the 
highest number of publications and investigated populations across 
different continents (Figure 2 and Figure 4).  PAM50, however, 
reported the lowest concordance rates of 54% and 60% as reported 
in two studies in South American countries and Sweden (Llera et 
al. 2022, Lundgren et al. 2022). Other studies also reported overall 
discordance ranging from 38.4–40.47%, with one study reporting 
that IHC/FISH misclassified all basal-like tumors (Dank et al. 
2023, Erber et al. 2022, Kim et al. 2019). Distributions of the 
subtypes varied widely when comparing IHC and PAM50 (Dix-
Peek et al. 2023, Ohara et al. 2019). Poor-to-fair correlation was 
seen between PAM50 and IHC/FISH when testing for ER, PR, and 
HER2 (kappa of 0.34, 0.27, and 0.37, respectively), with 5–11% of 
luminal B tumors classified as luminal A, and 18–36% of luminal 
A tumors classified as luminal B (Lopez-Tarruella et al. 2024). In 
a cohort of males with breast cancer, half of luminal A tumors on 
IHC were classified differently by PAM50 (Sanchez-Munoz et al. 
2018). Concordance improved from poor/moderate (kappa = 0.36–
0.57, accuracy = 0.54–0.75) to good (kappa = 0.71–0.69, accuracy 
= 0.90–0.91) when luminal A and B were collapsed into one group 
(Holm et al. 2021). Improved consistency with clinical subtyping 
in classifying luminal tumors was also seen when principal 
component analysis was added to PAM50 results (Raj-Kumar et al. 
2019). Despite these numerous reports of high discordance, some 
publications nonetheless reported modest or substantial association 
(Jenkins et al. 2014, Liu et al. 2016, Romero et al. 2014). 
 
Notably, there were some studies that used PAM50 as the gold 
standard. The IHC sensitivity and specificity were 33% and 96%, 
respectively, when classifying luminal A tumors. When classifying 
luminal B tumors, the sensitivity and specificity were 95% and 
41%, respectively (Christensen, Lautrup, Lyng, Moller & Jylling 
2020). On the other hand, another reported that the accuracy of IHC 
was 73% for luminal A, 79% for luminal B, and 88% for basal-like 
tumors (Allott et al. 2018).  
 
Three publications compared Affymetrix with IHC/FISH 
(Fumagalli et al. 2014, Fakri et al. 2018, Rossing et al. 2018). Very 
strong correlations were seen for ER and PR with Spearman 
correlation coefficients of 0.84 and 0.85, respectively. Good 
correlation, with a Spearman correlation coefficient of 0.70, was 
also seen for HER2 (Fumagalli et al. 2014). Concordance with IHC 
was 97.5% for ER, 86.4% for PR, and 97.5% for HER2 (Fakhri et 
al. 2018). High overlaps are seen between IHC and Affymetrix in 
detecting hormone receptor status, but the correlation in HER2 was 
less (Rossing et al. 2018).  
 
Five more microarray technologies explored the utility of 
microarray methods for breast cancer subtyping. The in-house 
custom multi-signature array (MSA) showed 90% concordance for 
ER and 76% for HER2 (Tan et al. 2008). The MapQuant assay, on 
the other hand, had high concordance rates of 97.5% for ER, 91.4% 
for PR, and 99.3% for HER2 (Moutter et al. 2016). The 
HumanHT012 v4 Expression BeadChips (Illumina) reported 
substantial agreement (kappa = 0.75) with IHC, with 83% of 
samples classified similarly by both methods (De Kruijf et al. 

2014). Another in-house 35k Operon microarray reported an 
overall concordance of 87%, which increased up to 97% when 
removing the HER2+ groups (De Ronde et al. 2010). Finally, the 
agreement between the CC Microarray and IHC was 69% (Tramm 
et al. 2014). 
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Table 2: Concordance of Microarray-Based Technology with IHC/FISH on the molecular subtyping of breast cancer. 
 Authors  

and Year 
Published 

Country Age  Breast Cancer Stage Population n Microarray Methoda IHC/FISH - Microarray Concordanceb 

1 Krijgsman et 
al., 2012 

The 
Netherlands 

≥ or < 50 
compared  

 

I-IV; AJCC Cancer 
Staging edition not 
reported 

patient specimens of breast 
cancer patients from six 
different hospitals 

1,212 BluePrint, TargetPrint 
  
  

BluePrint 
●      TNBC: 43% 

TargetPrint 
●      TNBC: 85%   

2 Nguyen et 
al., 2012 

USA 35-97 Tx, T1-4, Nx, N0-3; 
M, not reported; AJCC 
Cancer Staging edition 
not reported 

patients with a tumor size ≤5 
cm, up to three positive lymph 
nodes, and stage T1-4, N0-3 

132 
  

Blueprint, TargetPrint,  
MammaPrint 

Blueprint 
●      Luminal: 94%   
●      HER2: 95%  
●      TNBC: 94%  

Target Print 
●      ER: 97% 
●      PR: 80% 
●      HER2: 95% 

MammaPrint & Ki67 
●      Luminal A & B substratification: 68% 
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3 Nunes et al., 
2016  

USA 22-98 I-III; AJCC Cancer 
Staging edition not 
reported 

patients self-reported as black 
or African-American, with 
early or locally advanced breast 
cancer  

113 MammaPrin, 
BluePrint, and 
TargetPrint 

BluepPrint 
●      TNBC → basal, 86% 
●      ER+  →  luminal, 92% 
●      HER2+  →  HER2, 53% 

  
TargetPrint 

●      ER+: 85% 
●      HER2+: 53% 

MammaPrint 
●      HER2+  → high risk, 100% 
●      Basal  → high risk, 100% 

4 Whitworth et 
al., 2017 

USA 22-88 T1-4, node positive; 
AJCC Cancer Staging 
edition not reported 

HR+/HER2- (clinical luminal) 
tumors from breast cancer 
patients who had started or 
were scheduled to start NCT or 
neoadjuvant hormone therapy.  

474 MammaPrint/ 
BluePrint 
  
  

HR+/HER2- (clinical luminal) → basal, 18% 

5 Viale et al., 
2018 

The 
Netherlands,  
Belgium, 
France, 
Germany, 
Italy, 
Portugal, 
Spain, 
Sweden, 
United 
Kingdom 
(MINDACT 
Trial)  

18-70 T1-T2, operable T3; 0-
3 positive nodes; M0; 
AJCC Cancer Staging 
edition not reported 
 
 

female patients with 
histologically proven operable 
invasive breast cancer and 0–3 
positive lymph nodes  

5,806 MammaPrint/BluePrint Overall concordance, 70% 
●      Luminal B → luminal A, 54% 
●      TNBC → luminal, 5% 
●      HER2+ → luminal, 38%  
●      HER2+ → basal, 5% 
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6 Slembrouck 
et al., 2019 

France, 
Belgium 

30-91 Primary operable and 
unilateral breast 
cancer <3 positive 
lymph nodes; stage not 
reported; AJCC 
Cancer Staging edition 
not reported 

women between 30 and 91 
years old with primary 
operable breast cancer 

124 BluePrint/ 
MammaPrint 

Overall concordance, 71.8%-76.6% 

7 Wuerstlein et 
al., 2019 

Switzerland ≥18 (33-
88) 

pT1-3, pN0-1, AJCC 
Cancer Staging edition 
not reported 

female patients 18 years and 
older with histologically 
proven pT1-3, pN0-1, HR 
positive, HER2-negative early 
breast cancer 

452 BluePrint/ 
MammaPrint 

Overall concordance, 65.3%  

8 Göker et al., 
2022  

Italy and the 
Netherlands 

≥18 (22-
86) 

Early stage, T1-4, N0-
3, Nx, M0; AJCC 
Cancer Staging edition 
not reported  

patients more 18 years and 
older diagnosed with early-
stage breast cancer, and started 
or scheduled to start 
neoadjuvant systemic therapy 

256 BluePrint/ 
MammaPrint  

91% overall concordance 
●      ER+/HER2- →basal or HER2+, 5% 
●      HER2+ → luminal A, 10%; luminal 

B, 22%; basal, 5%  
●      TNBC → luminal B, 5% 

9 Bai et al., 
2023 

China 26-72 pN0-1 (0–3 positive 
nodes); AJCC Cancer 
Staging, 8th ed 

breast cancer tissues with 
HER2>/=4.0 and <6.0, positive 
hormone receptor by IHC, core 
needle biopsy specimens prior 
to neoadjuvant chemotherapy 

40 BluePrint, 
MammaPrint, 21-gene 
expression assay 

HER2+ (HER2 ≥ 4, < 6.0)  
●      HER2/CEP17 ratio ≥ 2) → HER2-, 

100% 
●      HER2/CEP17 ratio < 2) → HER2-, 

100% 
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10 Roepman et 
al., 2009  
 
 

The 
Netherlands 
 

Cohort 
1: <53 
Cohort 
2/3: <61 
 

Cohort 1: I-II; Cohort 
2/3: T1–4N0M0; 
AJCC Cancer Staging 
edition not reported 
 

patients with confirmed 
invasive ductal carcinoma or 
invasive lobular carcinoma and 
the presence of sufficient tumor 
cells 

636 TargetPrint TargetPrint 
●      ER+: 93% 
●      PR+: 53% 
●      HER2+ → HER2-, 9% 

11 Gevensleben 
et al., 2010  

Germany >36 
(n=2), 
36-45 
(n=16), 
46-55 
(n=29), 
>55 
(n=93) 

I-IIIb; AJCC Cancer 
Staging edition not 
reported 

patients diagnosed with breast 
cancer 

170 TargetPrint TargetPrint 
ER+: 97% 
PR+: 86% 
HER2+: 94% 

12 Grant et al., 
2015  

South Africa Mean = 
53.1 

Early stage; actual 
stage not reported; 
AJCC Cancer Staging 
edition not reported 

South African breast cancer 
patients with tumors that were 
successfully analysed using 
MammaPrint microarray 
profiler  

138 TargetPrint Targetprint  
Overall concordance, 97%  

●      after reflex/repeat testing, 100% 

13 Wesseling et 
al., 2016  

Italy, 
Belgium, the 
Netherlands, 
New 
Zealand, 
Japan, USA 

23-98 I-IV; AJCC Cancer 
Staging edition not 
reported 

patients diagnosed with breast 
cancer stage I–IV who had a 
successful TargetPrint test 

806 TargetPrint TargetPrint  
Overall Concordance 

●      ER+: 95%  
●      PR+: 81%  
●      HER2+: 94% 

IHC/FISH Inter-hospital Concordance 
●      ER+:  88-100% 
●      PR+:  50-100% 
●      HER2+: 90-100% 
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14 Grant et al., 
2019 

South Africa Not 
reported 

Early stage; actual 
stage not reported; 
AJCC Cancer Staging 
edition not reported  

records of all patients referred 
for MammaPrint 

128 BluePrint, 
Target Print  

BluePrint 
●      ER+: 82% 
●      PR+: 82% 

TargetPrint 
●      ER+: 82% 
●      PR+: 82% 

15 Fumagalli et 
al., 2014 
 

Belgium Not 
reported 

Not reported patients treated in the 
institution whose samples are 
stored in the biorepository 

57 Affymetrix Affymetrix  
(Spearman Correlation Coefficient) 

●      ER+: ρ = 0.84 
●      PR+: ρ = 0.85 

HER2+: ρ = 0.70 

16 Falato et al., 
2016  

Sweden <50 or 
≥50 

I-III primary breast 
cancer, AJCC Cancer 
Staging edition not 
reported 

patients diagnosed and treated 
for primary breast cancer and 
subsequent systemic relapse at  

220 PAM50 
  

Overall concordance, 64% 

17 Rossing et 
al., 2018  

Denmark <50 or 
≥50 

I-III; AJCC Cancer 
Staging edition not 
reported 

female breast cancer patients 
(Stage I–III)  

508 Affymetrix 
  

ER+: 91% 
HER2+: 59% 

18 Fakhri et al., 
2018  

Lebanon 29-84 I-IV; AJCC Cancer 
Staging edition not 
reported 

fresh tissue specimens were 
collected from females who 
were newly diagnosed with 
stage I, II, or III breast cancer 

81 Affymetrix ER+: 97.5% 
PR+: 86.4% 
HER2+: 97.5% 
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19 Tan et al., 
2008  

Singapore 30-87 T1-4; 
N0 or positive; 
M0; 
AJCC Cancert 
Staging, 6th ed 

newly diagnosed nonmetastatic 
cancer with no prior treatment 
with histologic diagnosis of 
invasive ductal carcinoma 

165 In-house custom MSA ER+: 90%  
HER2+: 76% 

20 de Ronde et 
al., 2010  

The 
Netherlands 

Mean 
age: 46 
± 9 

T≤2cm or T>2cm, Nx, 
N0 or node-positive, 
M, not reported; AJCC 
Cancer Staging edition 
not reported 

women who received 
neoadjuvant treatment, eligible 
for preoperative chemotherapy, 
diagnosed with invasive breast 
cancer and either a tumor 
diameter of at least  3 cm, 
lymph node involvement or 
both 

195 dye-swap to in-house 
printed 35 k Operon 
microarrays  

HER2+: 87%-97% 

21 de Kruijf et 
al., 2014 

The 
Netherlands 

<65 or 
≥65 

T1-4, N0-3, M0, 
AJCC Cancer Staging 
edition not reported 

non‐metastasized breast cancer 
patients primarily treated with 
surgery  

822 HumanHT‐12 v4 
Expression BeadChips 
(Illumina) 

Overall concordance, 83% 

22 Tramm et al., 
2014 

Denmark <70 II-III; AJCC Cancer 
Staging edition not 
reported 

high-risk breast cancer patients 
(<70 years old) previously 
treated with mastectomy and 
partial axillary dissection 

191 Applied    Biosystem    
Human    Genome    
Survey    Microarray  
v2.0 (CC) and PAM50 

Applied    Biosystem    Human    Genome    Survey    
Microarray  v2.0 (CC): 69% 
  
PAM50: 47% 
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23 Mouttet et 
al., 2016  

France 26-70 T1-T2 pN0; AJCC 
Cancer Staging edition 
not reported 

breast cancer patients with 
absent pathologic axillary 
lymph node involvement, a 
follow up above 10 years, and 
no neoadjuvant therapy before 
surgery 

163 MapQuant Assay ER+: 97.5% 
PR+: 91.4%  
HER2+: 99.3% 
  

24 Jenkins et al., 
2014 

USA 21-93 T0/T1 vs. ≥T2, node  (-
) vs  (+), M0; AJCC 
Cancer Staging edition 
not reported 

data of patients from publicly 
available clinical and gene 
expression microarray data sets 

3,947 PAM50 TNBC →   basal-like, 76% 
  
  

25 Romero et 
al., 2014 

Spain 18-78 IIB, IIIA, or IIIB; 
AJCC Cancer Staging 
edition not reported 

women aged between 18 and 
78 years; clinical stage IIB, 
IIIA, or IIIB breast cancer; and 
palpable breast tumors not 
amenable to breast-preserving 
surgery;  

94 PAM50  Overall concordance, 68% 

26 Liu et al., 
2016  

USA Median 
IQR = 
50 
(43,57) 

Tx, T>2cm, T≤ 2cm; 
node positive; AJCC 
Cancer Staging edition 
not reported 

patients with histopathology 
samples confirming breast 
cancer and had formalin fixed 
paraffin embedded tissue 
samples 

1652 PAM50 
  
  

Distribution of PAM50 subtypes 
●      Luminal A: 32% 
●      Luminal B: 26% 
●      HER2-enriched: 20% 
●      Basal-like: 22% 

27 Allott et al., 
2018 
 

USA 20-75  I-IV; AJCC staging 
not reported 
 
 
 
 

African American women 1,381 PAM50 Luminal A: 73% 
Luminal B: 79% 
Basal-like: 88% 
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28 Sánchez-
Muñoz et al., 
2018  

Spain 23-92, 
male 

I-IV; AJCC Cancer 
Staging edition not 
reported 

consenting men with biopsy-
confirmed invasive male breast 
cancer  

67 PAM50 Distribution of Molecular Subtypes according to 
PAM50 signature 

●      Luminal A: 30% 
●      Luminal B: 60% 
●      Basal-like: 0% 
●      HER2-enriched: 10% 

  
Distribution of Molecular Subtypes based on IHC 
surrogate markers 

●    Luminal A: 44% 
●    Luminal B: 51% 
●    TNBC:   
●    HER2+ (non-luminal): 1% 

29 Bonnefoi et 
al., 2019 

France, 
Switzerland, 
Netherland, 
Portugal, 
Belgium, 
Poland, 
Slovenia, 
Sweden, UK 
(intergroup 
multicentre 
phase III 
trial) 

<70  T4a-d, any N, M0; 
Any T, N2 or N3, M0; 
Large operable T2 or 
T3 tumors; AJCC 
Cancer Staging 
edition not reported 

 
 

Breast cancer patients with 
locally advanced/ 
inflammatory or large operable 
breast cancer prospectively 
randomised to a taxane versus a 
non-taxane regimen 

60 GEA Molecular apocrine: 88.3% 

30 Raj-Kumar 
et al., 2019 

USA Not 
reported 

Not reported Patients with primary breast 
tumors 

1,097 PCA-PAM50 Intrinsic Subtype: Conventional vs Refined 
●   In-house RNA-Seq data set: 60.2% vs 

66.1% 
●   TCGA RNA-Seq data set:  50.98% vs 

60.25% 
●   METABRIC discovery data set: 57.22% 

agree vs 65.92% 
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31 Ohara et al., 
2019  

Japan 
 

24-74 T1-4, N0-3; M, not 
specified; AJCC 
Cancer Staging edition 
not reported 

Female patients diagnosed with 
breast cancer who underwent 
neoadjuvant chemotherapy and 
surgery (mastectomy or breast 
conservation surgery) between 
2004-2013. Tissue samples 
were taken prior to neoadjuvant 
chemotherapy and surgical 
specimens obtained during 
surgery 

156 PAM50 IHC-Luminal A →PAM50 
●      Luminal A: 73% 
●      Luminal B: 16.2% 
●      Basal-like: 8.1% 
●      HER2-enriched: 2.7% 

IHC-Luminal B →PAM50 
●      Luminal A: 33.9% 
●      Luminal B: 33.9% 
●      Basal-like: 21.4% 
●      HER2-enriched: 10.7% 

IHC-Luminal HER2+ → PAM50 
●      Luminal A: 19.4% 
●      Luminal B: 22.6% 
●      Basal-like: 3.2% 
●      HER2-enriched: 54.8% 
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32 Kim et al., 
2019 

South Korea 21-78 Stage I-IV, AJCC 
Cancer Staging edition 
not reported 

Premenopausal and 
postmenopausal asian women 
with tissue diagnosis of breast 
cancer with stages ranging 
from I to IV, and with hormone 
receptor and HER2 status 

605 PAM50 PAM50 overall concordance: 61.6% 
  
IHC-Luminal A → 
PAM50 

●      HER2-enriched: 4% 
●      TNBC: 6% 

  
IHC-HER2-enriched →PAM50 

●      Luminal A: 4% 
●      Luminal B: 6% 
●      TNBC: 9% 

  
IHC-TNBC-enriched → PAM50 

●      Luminal A: 2% 
●      HER2-enriched: 13% 

33 Christensen 
et al., 2020 

Denmark 40-92, 
male 

T0/T1 vs. ≥T2; Nx, 
N0, N+ (node 
classification, not 
reported); M, not 
reported; AJCC 
Cancer Staging edition 
not reported 

FFPE tumor samples from men 
receiving surgical treatment for 
male breast cancer with enough 
tumor tissue remaining from 
pre-treatment biopsies 

37 PAM50 Distribution of Molecular Subtypes according to 
PAM50 signature 

●      Luminal A: 39% 
●      Luminal B: 56% 
●      Basal-like: 5% 
●      HER2-enriched: 0% 

Distribution of Molecular Subtypes based on IHC 
surrogate markers 

●      Luminal A-like: 15% 
●      Luminal B-like: 80% 
●      Basal-like: 5% 
●      HER2+ (non-luminal): 0% 
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34 Holm et al., 
2021 

Sweden 28-79 < or ≥T2, node-
negative or  node-
positive; AJCC Cancer 
Staging edition not 
reported  

diagnosed breast cancer tumors 
with Ki-67 availability and 
complete information in all 
markers 

798 PAM50 kappa = 0.36-0.57 

35 Erber et al., 
2022 

Germany 39-78 I-II; T not stated, node 
negative, node positive 
(1-3 nodes); AJCC 
Cancer Staging edition 
not reported 

diagnosed invasive breast 
cancer patients 

142 PAM50 Overall PAM50 concordance: 61.6% 
IHC-Luminal A →PAM50 

●      Luminal A: 82.5% 
●      Luminal B: 17.5% 

IHC-Luminal B →PAM50 
●      Luminal A: 58.9% 
●      Luminal B: 41.1% 

36 Llera et al., 
2022 

Argentina, 
Brazil, Chile, 
Mexico, 
Uruguay 

≥18 II-III; AJCC Cancer 
Staging, 7th edition  

Latin American woman of any 
ethnicity residing in the 
recruitment countries, aged 18 
years or older, with AJCC 7 
clinical stage II and III breast 
cancer, with ECOG 
performance status 0-1, 
accessible for biopsy or 
candidate for primary surgery 

1,071 PAM50 Overall PAM50 concordance: 60% 
TNBC: 73% 
  

37 Lundgren et 
al., 2022  

Sweden ≥18 II; AJCC Cancer 
Staging edition not 
reported 

premenopausal women 
between 2 years of adjuvant 
tamoxifen or no systemic 
treatment 

564 PAM50 Overall PAM50 concordance: 54% 
●      Luminal A: 91% 
●      Luminal B: 42% 
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38 Dank et al., 
2023 

Hungary ≥18 I-IV; TNM Stage, T1-
4, N0-3, M0-1; AJCC 
Cancer Staging 8th 
edition 

  42 PAM50 Overall PAM50 concordance: 60% 
  
  

39 Lopez-
Tarruella et 
al., 2023 

Spain 22-85 T0/T1 vs. ≥T2; N0, 
node-positive (1-3 
nodes), M, not stated; 
AJCC Cancer Staging 
edition not reported 

tumor samples referred for 
PAM50 testing with positive 
hormone receptors and positive 
HER2 

1,028 PAM50 Proxy 1, 2 and 3 
●      Luminal A: 38%, 30%, and 49% 
●      Luminal B: 28%, 30%, and 22% 

  

40 Dix-Peek et 
al., 2023 

South Africa ≥18 Stage I-IV, T1-4, N0-
3, M0-1; AJCC Cancer 
Staging, 8th  edition   

discordance between PAM50 
intrinsic subtyping and 
immunohistochemistry in 
South African women with 
breast cancer 

378 PAM50 Distribution of Tumors (IHC vs PAM-50) 
●      Luminal A: 6.9% vs. 19.3% 
●      Luminal B: 72.7% vs 32.5% 
●      HER2+: 5.31 vs 23.5% 
●      Basal-like: 15.11 vs 24.6% 
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In this review, it was noted that PAM50 technology had the most 
publications but had the lowest concordance rates compared to 
IHC/FISH. Some potential reasons why PAM50 had lower 
concordance rates compared to other technologies include: (1) 
variation in genetic signatures; (2) tumor heterogeneity sensitivity; 
and (3) subtype classification differences. First, differences in 
genetic signatures used may potentially explain why the PAM50, a 
50-gene signature, may detect more genetic variations compared to 
IHC/FISH, translating to higher discordance rates (Parker et al. 
2009, Piccart et al. 2012). Second, PAM50 could potentially be 
more sensitive in detecting a heterogeneous tumor sample, 
particularly those breast cancer tissues with differential responses 
to treatment, which may be characterized at the molecular level 
(Chang et al. 2023). Third, subtype classification differences may 
contribute to lower concordance rates as IHC/FISH classify tumors 
based on the protein expression compared to PAM50, which 
classify them based on mRNA expression. This inherent difference 
in how they detect biomarkers for breast cancer molecular 
subtyping can greatly impact the concordance rates (Piccart et al. 
2012, Chang et al. 2023). 
 
Although this trend of lower concordance rates relative to 
IHC/FISH had been observed, some studies even used PAM50 
technology as their gold standard for breast cancer molecular 
subtyping (Christensen et al. 2020). We surmised that the innate 
advantages of PAM50 can possibly explain why PAM50, instead 
of the traditional IHC/FISH, has been utilized by some studies as 
their gold standard (Cardoso et al., 2016, Sparano et al., 2018). In 
the MINDACT trial, Cardoso et al. (2016) highlighted improved 
risk stratification and prognosis, which was management-
changing. Additionally, the TAILORx Trial also impacted the 
management of patients, particularly in determining whether 
chemotherapy will be administered, because PAM50 effectively 
subtyped them into patients with low or high risk of recurrence 
(Sparano et al. 2018). Recently, studies in both the American 
Society of Clinical Oncology (ASCO) and the European Society 
for Medical Oncology (ESMO), presented the growing use of 
PAM50 in breast cancer molecular subtyping and its promising 
utility not only for research but ultimately for clinical decision 
making, thereby promoting more personalized treatment 
approaches (Sifakis et al., 2024). Furthermore, in one study 
included in our paper, PAM50 together with PCA improved 
consistency between breast cancer intrinsic and clinical subtyping 
(Raj-Kumar et al. 2019). Integrating PCA to PAM50 through the 
PCA-PAM50 R package provided a tool to improve data handling 
across different and complex data sets. Overall, PAM50 has been 
increasingly utilized in breast cancer molecular subtyping, and 
major societies are currently validating its use as one of the 
parameters for eventual recommendations on clinical practice 
guidelines.   
 
Microarray tests classified luminal tumors, which showed better 
overall DMFS compared to those obtained through IHC.  
Approximately 5% of luminal tumors were reclassified between 
luminal and basal types(Goker et al.  2022). In a retrospective 
cohort study on HER2-enriched tumors that received neoadjuvant 
chemotherapy, 32% were reclassified to luminal subtypes by 
microarray. Those HER2 equivocal by FISH were reclassified by 
microarray into HER2-negative (Bai et al.  2023). These findings 
support the clinical utility of microarray-based testing, as those 
luminal subtypes could have proceeded with excision, then 
adjuvant chemotherapy, and foregone adjuvant targeted therapy. 
Certainly, the most important role of breast cancer molecular 
subtyping is to guide the management, particularly in hormonal 
therapy, neoadjuvant/adjuvant chemotherapy, radiotherapy, and/or 
surgery. In this study, we noted that microarray-based methods 
were able to identify patients who may need neoadjuvant treatment. 
For instance, BluePrint/MammaPrint can classify patients who can 
benefit from neoadjuvant treatment (Whitworth et al.  2017, 

Krijgman et al.  2012, Baron et al.  2016). However, Wuerstlein et 
al.  (2019) highlighted that only 14–15.1% of medical oncologists 
changed their decisions from not giving to giving chemotherapy 
and vice versa. The primary reason could be the lack of 
recommendations from cancer societies worldwide. It has been 
stated earlier that most societies are still validating the utility of 
PAM50. The hesitancy of clinicians to adapt the use of the more 
comprehensive microarray-based results can also be explained by 
lack of clinical validation and standardization, clinical experience 
and familiarity, data complexity and interpretation, turnaround 
time, cost, accessibility/availability, and regulatory and 
reimbursement barriers (Dix-Peek et al.  2023, Coates et al.  2015, 
Schaibley et al.  2022, Mathews et al.  2019, Sireci et al.  2020). 
These challenges may have been more apparent in developing 
countries, and thus, can potentially affect the survival of breast 
cancer patients. Hence, the adoption of microarray-based breast 
cancer molecular subtyping is not only management-changing but 
may prognosticate the overall survival of breast cancer patients. 
This is usually measured in clinical studies through distant 
metastasis-free survival (DMFS) in 5 or 10 years (Goker et al.  
2022, Krijgsman et al.  2012, Ohara et al.  2019). 
 
 With the current advancements in breast cancer studies, 
microarray-based genomic profiling tests such as MammaPrint and 
Blueprint are available for breast cancer subtype classification, and 
these tests can also predict the risk of distant recurrence for a 
certain subset with high-risk clinical features. Patients with high-
risk features but who had low genomic risk and did not undergo 
adjuvant chemotherapy had a 5-year rate of survival with distant 
metastasis of 94.7%. The MINDACT study above concluded that 
46% of clinically defined high-risk patients may not forgo adjuvant 
chemotherapy (Cardoso et al.  2016). 
 
Prognostic Value of Microarray on Treatment Response 
The main role of breast cancer subtyping is to guide management, 
such as recommending the need for hormonal therapy, 
neoadjuvant/adjuvant chemotherapy, radiotherapy, or outright 
surgery. Hence, molecular subtyping methods should be able to 
closely predict which patients would respond to certain regimens 
and benefit later with better survival. We further evaluated the 
ability of the abovementioned microarray-based technologies to 
provide a prognosis on certain treatment regimens. Notably, 
BluePrint reclassified patients who were more responsive to 
neoadjuvant chemotherapy to the HER2 and basal type, while less 
responsive patients were reassigned to the luminal type (Goker et 
al. 2022). In three studies that examined patients who received 
neoadjuvant chemotherapy, significantly lower pCR rates were 
observed  among those classified by BluePrint/MammaPrint under 
the luminal subtype compared with HER2 and basal subtypes that 
presented with higher pCR after neoadjuvant chemotherapy 
(Whitworth et al.  2017, Krijgsman et al. 2012, Baron et al. 2016). 
PCRs were as low as 6.1% and 8.7% for luminal A and B, 
respectively, compared to 55% in HER2 and 37.1% in basal tumors 
(Baron et al. 2016). This implies that BluePrint may distinguish 
which patients would benefit from neoadjuvant treatment. 
 
Of particular interest were the breast cancer patients with equivocal 
HER2 on FISH (>4.0 and <6.0), but classified as high-risk on 
MammaPrint, who achieved pCR after treatment with trastuzumab 
or pertuzumab (Bai et al. 2023). Among HER2-positive patients 
classified by BluePrint, the pCR was 71.9% among those given 
pertuzumab versus 43.5% among those who did not receive the 
drug (Liefaard et al. 2023). Up to 14% of physicians switched 
decisions from managing with chemotherapy to without 
chemotherapy, and conversely, 15.1% switched from without 
chemotherapy to with chemotherapy, after MammaPrint results 
(Wuerstlein et al. 2019).  
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Similar findings were seen in papers examining the prognostic 
value of PAM50. Higher pCR was also seen among patients 
classified by PAM50 with non-luminal types regardless of IHC 
profiles (Falato et al. 2016, Jensen et al. 2023). In two studies that 
examined patients treated with tamoxifen, IHC/FISH was not able 
to provide a discernible difference in the prognosis of luminal A 
and B tumors with tamoxifen treatment (Holm et al. 2021, 
Lundgren et al. 2022). It was only when PAM50 signatures were 
used that luminal A tumors showed higher response rates to 
tamoxifen compared to luminal B tumors (Sanchez-Muñoz et al. 
2018). Luminal A tumors classified by PAM50 showed benefit 
with adjuvant tamoxifen, while luminal B tumors classified 
similarly by both PAM50 and IHC showed poor prognosis 
(Lundgren et al. 2022). Those that were luminal B in IHC but 
reclassified as luminal A on PAM50, on the other hand, showed 
better prognosis. In a study enrolling women with HER2-positive 
breast cancer, five out of eight PAM50 signatures were found to be 
associated with pCR after trastuzumab-based neoadjuvant 
chemotherapy: (1) HER2-enriched, (2) ROR-S, (3) ROR-P, (4) 
basal-like, and (5) proliferation scores (Pernas et al. 2019). Based 
on these studies, PAM50 generally provides benefits in 
distinguishing between luminal A and B tumors (Jensen et al.  
2023, Pernas et al. 2019, Falata et al.  2016, Krijgsman et al. 2012, 
Lundgren et al. 2022).  
 
Prognostic Value of Microarray on Patient Survival  
Molecular biomarkers are also useful to prognosticate patients to 
better or worse survival outcomes. Hence, some studies also 
explored the prognostic value of microarray on survival of breast 
cancer patients. 
 
Among triple-negative early breast cancer patients, BluePrint was 
able to reclassify 5% of tumors to the luminal subtype, with a 5-
year distant metastasis-free survival (DMFS) rate of 100% which 
was higher than the molecularly subtyped HER2+ and basal type 
(Viale et al. 2018). In another study, patients with BluePrint-
classified luminal tumors showed better overall DMFS, but those 
with basal-type tumors showed similar prognosis whether defined 
by IHC/FISH or BluePrint (Goker et al. 2022). In contrast, one 
study did not see a significant association of the BluePrint subtypes 
with overall survival (OS) for an average follow-up of 6.9 years 
(Liefaard et al. 2023). 
 
PAM50 has also been shown to provide more prognostic 
information on OS compared to pathology-based methods (Liu et 
al. 2016, Romero et al. 2014, Christensen et al. 2020). Patients with 
PAM50-classified luminal A tumors had the best outcome, those 
with basal-like tumors had the worst prognosis and luminal B 
tumors had intermediate survival. Unfortunately, IHC was only 
able to discriminate outcomes between TNBC and the others (Llera 
et al. 2022).  An investigation on male breast cancer patients 
showed that PAM50 luminal B tumors had significantly worse OS 
than luminal A tumors, a pattern that was not seen on IHC 
(Christensen et al.  2020). In another study, substantial agreement 
on 10-year survival was seen for IHC and PAM50 HER2 and basal-
like tumors, but different trends were seen for the luminal subtypes 
(Holm et al. 2021). Patients with PAM50 luminal A tumors treated 
with adjuvant hormonal therapy have a better prognosis compared 
with other subtypes (Ohara et al. 2019, Wang et al. 2021). With 
tamoxifen treatment, PAM50 luminal A tumors exhibited higher 
overall survival rates compared to PAM50 luminal B tumors 
(Lundgren et al. 2022). Contrasting results, however, were seen in 
two studies showing no significant differences in luminal A and B 
tumors (Sanchez-Muñoz et al. 2018) and lower survival rates in 
hormone-positive tumors (Dank et al. 2023).  
 
There were some studies that explored a change in survival or 
remission in patients whose breast cancer was classified with 
microarray-based methods, leading to a change in a treatment 

regimen. In the MINDACT trials, early-stage breast cancer patients 
were subtyped with MammaPrint, and patients classified as low 
genomic risk were de-escalated to not receiving adjuvant 
chemotherapy. Results showed non-inferiority in 5-year DMFS in 
the group where adjuvant chemotherapy (94.70%) was withheld 
compared to the standard adjuvant chemotherapy regimen group  
(95.9%) (Cardoso et al. 2016). In their follow-up study, similar 
non-inferiority findings were obtained in terms of the 8-year DMFS 
(92.0% vs. 93.6%) and 8-year OS (95.7% vs. 96.0%) (Piccart et al. 
2012, Piccart et al. 2021). Overall, both MINDACT trials had 
approximately a 46% reduction in chemotherapy use and a 
subsequent decrease in long-term toxicity (Cardoso et al. 2016, 
Piccart et al. 2021). Based on the results of these landmark trials, it 
has now been adopted by the National Comprehensive Cancer 
Network guidelines (NCCN) (version 5.2025) with a level 1 
category of evidence and consensus in the use of MammaPrint for 
consideration of adjuvant systemic therapy in pN0 and pN1 (1-3 
positive nodes).   
 
Recently, newer studies, which determined the ability of 
microarray-based technologies in the investigation of breast cancer 
recurrence prediction (i.e., EndoPredict®), DNA methylation for 
subtype classification, and validation of immune-related 23 (IRSN-
23) gene signature for neoadjuvant chemotherapy (Watanabe et al. 
2024, Sota et al. 2025, Panigoro et al. 2025).  However, these 
recent studies did not explicitly investigate the concordance of 
IHC/FISH with microarray. While they used IHC/FISH for initial 
classification of breast cancer subtypes, there were no reported 
percent agreements or computed kappa statistics between 
IHC/FISH and microarray. The multigene EndoPredict® assay 
classified the low-risk ER+/HER2- (luminal) subtype as having a 
5-year distant recurrence-free survival of 95.2% (Watanabe et al. 
2024). Another study utilized microarray to methylation-specific 
polymerase chain reaction (MSP) and was translated for DNA 
methylation profiling, which was shown to be useful in the breast 
cancer subtype classifications. In this study, they developed MSP 
assays, which resulted from the identification of subtype-specific 
methylation patterns with accuracies of 75% and 76% for luminal 
A and B, respectively (Panigoro et al. 2025). In combination with 
the PAM-50 intrinsic subtype classifier, the IRSN-23 gene 
signature can further categorize patients undergoing neoadjuvant 
chemotherapy into chemoresistant and chemosensitive groups. The 
IRSN-23-classified chemosensitive had a higher pCR rate 
compared to the non-sensitive groups (Sota et al. 2025).  Notably, 
integration of MRI radiomics and microarray gene expression 
analysis has also been studied recently in their role to predict pCR 
in breast cancer patients undergoing NAT. They compared three 
different machine learning models: (1) radiomics (MRI) alone; (2) 
genomics (microarray) alone; and (3) radiogenomics 
(MRI+microarray). Although the radiogenomics group (AUC = 
0.607) had the highest AUC, results showed that there were no 
significant differences (p > .05) when compared to the radiomics 
alone (AUC = 0.563) and genomics alone (AUC = 0.559) models 
(Oda et al. 2025). 
 
The cost of molecular methods is usually a challenge, especially in 
low-to-middle income countries (LMICs). Multiple studies, 
however, have already shown the cost-effectiveness of these 
procedures as they prevent the costs of unnecessary treatment, 
especially among those who are misclassified (Rojas et al. 2023).  
While numerous studies have shown the utility of gene-expression-
based assays, this review was limited only to microarray-based 
technologies. Other RNA-based assays, such as Oncotype Dx, have 
also shown utility in the clinical setting, but are polymerase chain 
reaction-based (Lashen, Toss, Fadhil, Oni, Madhusudan & Rakha, 
2023). This review was also limited to articles in the English 
language and indexed in selected databases. Moreover, while the 
studies included in the paper involved multiple countries, these 
studies did not necessarily come from an equal distribution of 



 
Volume No. 19 | Issue No. 01 | 2026                    

        SciEnggJ 
65 

regions. While we are able to report on the concordance and utility 
of these new technologies, the applicability of these methods in 
various races may be limited due to variations in the genetics of 
certain populations. Variations in patient characteristics could not 
be controlled in this review. Data on treatment response and 
survival were also limited to only selected regimens in the included 
studies and may not necessarily be representative of the wide array 
of treatment regimens in breast cancer management, especially of 
the newer drugs. Follow-up durations were also variable among the 
different studies. Finally, a formal risk-of-bias assessment was not 
performed due to the exploratory nature of the review. Instead, 
pertinent results of all the included studies were discussed and 
described.  
 
Further studies may help elucidate the applicability and cost-
effectiveness of microarray methods in the lower-income 
populations. Moreover, investigations on the genomic profiles of 
relatively underrepresented groups (e.g., Asia) would help 
establish novel technologies designed and applied to specific 
populations. Our study has demonstrated the potential of 
microarray-based methods in breast cancer diagnosis and 
management. It may pave the way for further development of these 
modern techniques for patient care. 
 
 
CONCLUSION 
 
Our systematic review  included 45 articles out of the 1006 articles 
in our search showed that most microarray-based genomic 
profiling in the molecular subtyping of breast cancer was done in 
the US and Europe. There was a variable IHC/FISH concordance 
rate on the microarray-based genomic profiling in the molecular 
subtyping of breast cancer. Microarray-based tests showed 
promising prognostic capability for treatment response and 
survival, and may be useful to better triage patients who would 
benefit from certain treatment approaches. Overall, our systematic 
review showed the potential of microarray-based technologies in 
improving molecular subtyping of breast cancer and 
prognosticating treatment response and survival.  
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