
Vol.:(0123456789)1 3

Breast Cancer Research and Treatment (2023) 202:73–81 
https://doi.org/10.1007/s10549-023-07033-8

CLINICAL TRIAL

Circulating microRNAs can predict chemotherapy‑induced toxicities 
in patients being treated for primary breast cancer

Matthew G. Davey1,2   · Ray Abbas1 · Eoin P. Kerin1 · Maire Caitlin Casey1 · Andrew McGuire1 · Ronan M. Waldron1 · 
Helen M. Heneghan1 · John Newell3 · Ailbhe M. McDermott1 · Maccon M. Keane4 · Aoife J. Lowery1 · Nicola Miller1 · 
Michael J. Kerin1,5

Received: 20 May 2023 / Accepted: 30 June 2023 / Published online: 4 August 2023 
© The Author(s) 2023

Abstract
Purpose  Prescribing NAC for breast cancer is a pragmatic treatment strategy for several reasons; however, certain patients 
suffer chemotherapy-induced toxicities. Unfortunately, identifying patients at risk of toxicity often proves challenging. 
MiRNAs are small non-coding RNA molecules which modulate genetic expression. The aim of this study was to determine 
whether circulating miRNAs are sensitive biomarkers that can identify the patients likely to suffer treatment-related toxici-
ties to neoadjuvant chemotherapy (NAC) for primary breast cancer.
Methods  This secondary exploratory from the prospective, multicentre translational research trial (CTRIAL ICORG10/11–
NCT01722851) recruited 101 patients treated with NAC for breast cancer, from eight treatment sites across Ireland. A 
predetermined five miRNAs panel was quantified using RQ-PCR from patient bloods at diagnosis. MiRNA expression was 
correlated with chemotherapy-induced toxicities. Regression analyses was performed using SPSS v26.0.
Results  One hundred and one patients with median age of 55 years were recruited (range: 25–76). The mean tumour size 
was 36 mm and 60.4% had nodal involvement (n = 61) Overall, 33.7% of patients developed peripheral neuropathies (n = 34), 
28.7% developed neutropenia (n = 29), and 5.9% developed anaemia (n = 6). Reduced miR-195 predicted patients likely to 
develop neutropenia (P = 0.048), while increased miR-10b predicted those likely to develop anaemia (P = 0.049). Increased 
miR-145 predicted those experiencing nausea and vomiting (P = 0.019), while decreased miR-21 predicted the development 
of mucositis (P = 0.008).
Conclusion  This is the first study which illustrates the value of measuring circulatory miRNA to predict patient-specific 
toxicities to NAC. These results support the ideology that circulatory miRNAs are biomarkers with utility in predicting 
chemotherapy toxicity as well as treatment response.
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Introduction

Contemporary breast cancer management pragmatically uses 
neoadjuvant chemotherapy (NAC) as the standard of care in 
patients diagnosed with certain breast cancer molecular sub-
types [1, 2]. While survival outcomes for patients with breast 
cancer are equivalent for those treated with adjuvant and 
NAC [3, 4], there are several advantages of prescribing NAC, 
including potential tumour downstaging, increasing patient 
eligibility for breast conservation surgery (BCS), and obtain-
ing in vivo sensitivity of the tumour to treatment [5], which 
correlates with long-term survival [6]. Unfortunately, certain 
host and tumour factors make predicting treatment response 
challenging, and the risk of overtreatment is incessant [7]. 
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Chemotherapeutic drugs are cytotoxic to human cells [8], 
and their administration adopts a untargeted approach, where 
therapies do not differentiate cancer cells from healthy host 
cells, leading to widespread toxicity [9]. Therefore, a propor-
tion of patients receiving chemotherapies develop undesired 
treatment-related toxicities [10] and identifying such patients 
remains an ever-present challenge to the multidisciplinary 
team. Thus, the discovery of methods of identifying these 
patients is imperative to improve the care of our prospective 
patients being treated for cancer.

Micro ribonucleic acids (or miRNAs) are a contemporary 
class of small, non-coding ribonucleic acid (RNA) molecules 
which are estimated to be approximately 19–25 nucleotides 
in length [11]. It is now recognised that these biomolecules 
possess key modulatory roles in genetic expression by influ-
encing the post-transcriptional degradation of messenger RNA 
[12, 13]. MiRNA expression profiles have been implicated as 
regulators of several cellular processes [14] and maintain their 
stability in several biological tissues, including tumour tissue, 
healthy host tissue, and human circulation [15]. Notwithstand-
ing their ability to predict treatment response and estimate 
patient prognosis [16–18], there are emerging data suggest-
ing miRNA may have roles in toxicities to cancer therapeu-
tics, including chemoradiotherapies and immunomodulatory 
agents [19, 20]. Furthermore, the measurement of miRNAs 
may be performed relatively simply and inexpensively using 
real-time quantitative reverse transcriptase polymerase chain 
reaction (RQ-PCR) [21], which improves the clinical candi-
dacy of these biomolecules as potential cancer and therapeutic 
biomarkers.

At present, there is a paucity of translational research stud-
ies which have successfully identified patients at an increased 
risk of chemotherapy-induced toxicities. The Cancer Trials 
Ireland—Irish Clinical Oncology Research Group 10/11 
(CTRIAL ICORG 10/11) study was a prospective, multicentre 
clinical trial which recruited 120 patients indicated to undergo 
standard-of-care NAC from 8 treatment sites across the Repub-
lic of Ireland. In the primary analysis of the ICORG 10/11 
trial, a predetermined miRNA panel was relatively quantified 
from bloods samples using RQ-PCR at several timepoints dur-
ing NAC and correlated with treatment response to NAC [16, 
22]. The current study is a secondary exploratory analysis of 
the ICORG 10/11 trial and, to the authors knowledge, is the 
first study to explore the clinical utility of miRNAs as circula-
tory biomarkers which may be useful in identifying patients 
who are at an increased risk of developing treatment-induced 
toxicities to NAC for primary breast cancer.

Methods

Study design

As outlined, the CTRIAL ICORG10/11 is a prospective, 
multicentre trial which recruited patients from 8 treatment 
sites in the Republic of Ireland (NCT01722851). Within 
ICORG 10/11, the primary objective measured was to deci-
pher miRNA targets which could be used to predict treat-
ment response to NAC. The current analysis is a secondary 
exploratory analysis which uses the data obtained in ICORG 
10/11 and correlated these miRNA targets with chemother-
apy-induced toxicities. This analysis was performed as per the 
Standard in Diagnostic Test Accuracy (or STARD) statement 
to determine the diagnostic test accuracy of miRNAs targets 
in predicting treatment-induced toxicities [23]. Following a 
formal power calculation performed by the School of Math-
ematics, Statistics, and Applied Mathematics at the University 
of Galway, it was established that 118 patients would require 
recruitment to accurately address the primary research meas-
ure (i.e.: response to NAC), leading to the initial recruitment 
and inclusion of 120 patients indicated to undergo standard-
of-care NAC for primary breast cancer providing informed 
written consent. Thereafter, 19 of these patients subsequently 
did not have follow-up information available in relation to 
treatment-induced toxicities which led to their exclusion from 
this secondary analysis, leaving 101 patients to be included. 
Decisions regarding the chemotherapy regimens prescribed 
were decided based on the professional judgement of the 
multidisciplinary team in each local tertiary referral centre for 
breast cancer management. Treatment decisions were made by 
the breast cancer multidisciplinary team in accordance with 
internationally accepted standards and guidelines (i.e.: those 
from the European Society for Medical Oncology and National 
Comprehensive Cancer Network) [24, 25]. The most common 
chemotherapy-induced toxicities reported in the seminal TAI-
LORx and RxPONDER prospective, randomised clinical trials 
were used for comparison in this study [26, 27].

Research ethics

Ethical approval was prospectively obtained from the Galway 
University Hospitals (C.A.151-February 2008) and University 
of Galway Clinical Research Institutional boards (C.A.1012-
January 2014). In addition, local hospital ethical approval was 
also obtained from each of the participating centres responsi-
ble for patient recruitment.

Participant inclusion and exclusion criteria

Consecutive female patients aged 18 years or older diag-
nosed and treated for primary breast cancer who were 
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indicated to undergo NAC in accordance with best prac-
tice guidelines were considered for inclusion in the current 
study. All patients had to be capable of providing informed 
written consent and had to have follow-up data pertaining 
to treatment-induced toxicities available. Patients were 
excluded from this study if failed to meet this outlined inclu-
sion criteria.

Tumour profiling and staging

Tumour specimens underwent classification into breast 
cancer molecular subtypes using the 11th St. Gallen Expert 
Consensus panel [28], based on the work of Perou et al. 
[29]. Specimens were analysed as per the 2010 American 
Society of Clinical Oncology/College of American Patholo-
gists (ASCO/CAP) histopathological consensus guidelines 
for oestrogen (ER) and progesterone (PgR) receptor status 
using immunohistochemistry [30, 31]. Human epidermal 
growth factor receptor-2 (HER2) receptor status was delin-
eated using Herceptest™ (DAKO Agilent pathology solu-
tions, Santa Clara, CA, USA), where 3 + was considered to 
be HER2-positive, with 2 + inconclusive results confirmed 
using fluorescent in  situ hybridisation testing [32, 33]. 
Appraisal of Ki-67 was performed using MIB1 antibody 
testing [34, 35].

In brief, luminal cancers (LBC) possessed ER and 
PgR positivity with HER2 negativity (ER + /PgR + /
HER2  −),  luminal B-HER2-positive cancers (LBBC-
HER2 +) possessed ER + and HER2 positivity with vari-
able PgR expression (ER + /HER2 +), HER2 cancers 
(HER2 +) possessed ER and PgR negativity with HER2 
positivity (ER −/PgR −/HER2 +), and triple negative can-
cer (TNBC) possessed ER, PgR , and HER negative disease 
(ER −/PgR −/HER2 −). Tumour staging was performed as 
per the American Joint Committee on Cancer (AJCC), ver-
sion 8 guidelines [36].

Venous blood sampling

Venous blood samples from the 101 included patients were 
collected over a 3-year period (May 2011–April 2014). 
Whole blood liquid biopsies were collected at five inde-
pendent timepoints. For this analysis, samples obtained at 
the time of breast cancer diagnosis (prior to treatment with 
NAC) were used. Venous blood samples were collected in 
ethylenediaminetetraacetic acid (EDTA) tubes and stored 
at the Organisation of European Cancer Institutes (OECI) 
approved Comprehensive Cancer Centre Biobank at the 
Department of Surgery at the University of Galway (UG).

MiRNA expression panel

Based on their previous reported and perceived relevance to 
breast cancer (i.e.: ontogenetic or tumour suppressor prop-
erties), a panel of five miRNAs was selected for evaluation 
(Let-7a, miR-21, miR-145, miR-155, and miR-195) [37–39]. 
The relevance and rationale for selecting these miRNA tar-
gets are illustrated in Table 1. It is important to note that it 
was initially perceived that miRNAs had only one primary 
function [37]; however, it is now understood that these bio-
markers are multifunctional and may have additional roles 
in human biology following the administration of cytotoxic 
chemotherapy that have not previously described (e.g.: 
immunomodulatory function in bone marrow suppression 
or inflammation). Therefore, the hypothesis suggesting that 
these miRNA targets may have credibility in predicting treat-
ment-induced toxicities to NAC is plausible. Two miRNAs 
(miR-16 and miR-425) were selected and used as validated 
endogenous controls due to their stability in the circulation 
of breast cancer patients. These targets were then used to 
calibrate samples between patients [18, 40]. The relevance of 
the miRNA selected for inclusion in the panel for this study 
is outlined in Table 1.

Table 1   Predetermined 
miRNA panel consisting of 
the 7 miRNAs (5 targets and 2 
endogenous controls) included 
in this study and their rationale 
for selection

MicroRNA MiRNA function

Let-7a Increased expression in breast cancer patients compared to controls. Reduced expres-
sion in patient’s post-resection compared to with active disease (Heneghan et al. 
[37])

miR-21 Oncogenic miRNA (Heneghan et al. [38])
miR-145 Increased expression in breast cancer compared to controls (Heneghan et al. [37])
miR-155 Differentiated expression in breast cancer compared to controls (Heneghan et al. [37])
miR-195 Increased expression in breast cancer compared to controls (Heneghan et al. [37])
miR-16 Endogenous control in human circulation (McDermott et al. [40])
miR-425 Endogenous control in human circulation (McDermott et al. [40])
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RNA isolation and storage

Total RNA was extracted from whole blood (1 mL) using Tri-
zol (as per the manufacturer’s instructions). RNA concentra-
tions were determined using spectrophotometry (NanoDrop 
ND-1000 Technologies Inc., Wilmington, DE, USA) [37, 38]. 
RNA was then transferred to storage tubes and labelled and 
stored at − 70 °C in the Cancer Biobank at the University of 
Galway.

Analysis of miRNA expression levels

For each blood sample, miRNAs were relative quantified 
using polymerase chain reaction (RQ-PCR). TaqMan assays 
were used, in accordance with the manufacturer’s instructions, 
for the (RQ-PCR) of the indicated target miRNA (miRNA: 
Taqman assay ID- miR-195: 000494; miR-155: 002623; 
miR-145: 002278; miR-21: 000397; Let-7a: 000377; miR-
10b: 002218) and the endogenous control (miR-16: 000391; 
miR-425: 001104), as previously described (TaqMan Fast 
Universal Master Mix (2X), No AmpErase UNG: Applied 
biosystems, Foster City, CA, USA, cat:4367846) [11, 40]. 
Assays were performed using an AB7900HT (Applied Bio-
systems), using standard conditions as per manufacturer’s 
instructions. Reactions were commenced with a 10-min incu-
bation at 95 °C before being followed by 40 cycles at 95 °C 
for 15 s and 60 °C for 60 s. MiR-26b was utilised as an inter-
assay control which was derived from a breast cancer cell 
line. These were included on each plate for calibration. To 
ensure reproducibility to account for outliers, reactions were 
performed in triplicate (with each individual assay performed 
using technical triplicates). The threshold standard deviation 
(SD) for intra-assay and inter-assay replicates was 0.3. The 
percentage of PCR amplification efficiencies (E) for each 
assay were calculated using the slope of the semi-log regres-
sion plot of cycle threshold vs. log input of cDNA (tenfold 
dilution series of five points), with the following equation, 
and a threshold of 10% above or below 100% efficiency was 
applied: E =

(

10−1∕slope − 1
)

× 100 . Moreover, miRNA 
expression levels were calibrated and normalised using endog-
enous controls. Thereafter, miRNA expression levels were cal-
culated using QbasePlus© software (Biogazelle, Gent, Bel-
gium) using the geNorm method to ensure the results were 
calibrated and normalised before being relatively quantified 
compared to the endogenous controls (miR-16 and miR-425). 
MiRNA analysis was performed blinded to clinicopathologi-
cal data.

Definitions of treatment response and toxicity

–	 Treatment response to NAC was measured using the 
Miller-Payne classification system, as outlined initially 
by Ogston et al. [41].

–	 Anaemia; National Cancer Institute Anaemia Scale of 
grade 2 or worse (i.e.: red blood cell concentrations of 
10 g/mL or less) due to chemotherapy-induced bone mar-
row suppression [42].

–	 Neutropenia; the first laboratory evidence of reduced 
neutrophil count (neutrophil counts less than 2.5 g/mL) 
in a patient receiving chemotherapy, as per the local hos-
pital guidelines.

–	 Neutropenic sepsis; developing pyrexia (temperature 
38.0 °C) combined with a neutrophil count of less than 
2.5 g/mL while receiving NAC, as per the National Insti-
tute for HealthCare Excellence [43].

–	 Peripheral neuropathy; chemotherapy-induced neuro-
logical symptoms including paraesthesia, paralysis, or 
neuropathic pain [44].

Test methods and statistical analysis

Regression analyses were performed to correlate miRNA 
expression with toxicities to NAC, with associated 95% 
confidence intervals (95%CIs) reported in accordance with 
the ‘statistical analysis and methods in the published lit-
erature’ (or SAMPL guidelines) as previously described 
by Lang et al.’ [45]. The index test for this analysis was 
miRNA expression profiles (expressed as continuous data) 
which were compared to the clinical outcome measure of 
whether patients developed chemotherapy-induced toxicities 
(expressed as binary data) [23]. All analyses were two-tailed 
and statistical significance was defined as P < 0.050. Data 
were analysed using statistical package for social sciences 
(SPSS) version 26 (International Business Machines Corpo-
ration, Armonk, New York).

Results

Clinicopathological data

In this study, 101 patients were prospectively recruited. 
The median age at diagnosis was 55.0  years (range: 
25.0–76.0) and the mean tumour size was 36.0 mm (range: 
10.0–100.0  mm). The majority had nodal involvement 
(60.4%, n = 61) and 99.0% patients had grade 2/3 disease 
(n = 100), Overall, 46.5% had luminal (LBC, n = 47), 17.8% 
had luminal B-HER2 + (LBBC-HER2 + , n = 18), 15.8% 
(HER2 + , n = 16), and 18.8%  had triple negative (TNBC, 
n = 19).

Neoadjuvant chemotherapy

Overall, 30.7% of patients achieved a pCR (31/101). All 
101 patients completed their anticipated NAC regimens 
(100.0%). Over 50% of patients received doxorubicin and 
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cyclophosphamide followed by paclitaxel (AC-T) (55.5%, 
n = 56) (Supplementary Material S1). Basic demographic, 
clinicopathological, and treatment data for the 101 patients 
included are outlined in Table 2. Exact time interval between 
index test (i.e.: venous sampling for miRNA expression) and 
clinical interventions (i.e.: NAC administration) was typi-
cally less than 4 weeks.

Chemotherapy‑induced toxicities

During treatment with NAC, 33.7% of patients developed 
symptoms of peripheral neuropathies (n = 34), 26.7% 
developed nausea and vomiting (n = 27), 5.9% developed 

myalgia (n = 6), and 11.9% developed mucositis (n = 12). 
With respect to bone marrow suppression, 28.7% devel-
oped neutropenia (n = 29), 59.4% developed lymphopenia 
(n = 60), and 5.9% developed anaemia (n = 6). Importantly, 
2.0% of patients developed neutropenic sepsis (n = 2).

MicroRNA predicting chemotherapy‑induced 
toxicities

Reduced expression of miR-195 predicted patients likely 
to develop neutropenia during NAC (OR 0.344, 95%CI 
0.111–0.990, P = 0.048), while increased expression of 
miR-10b predicted patients likely to develop anaemia (OR 
0.038, 95%CI 0.001–0.910, P = 0.049). Moreover, increased 
expression of miR-145 predicted patients likely to develop 
nausea and vomiting during NAC (OR 3.819, 95%CI 
1.252–11.652, P = 0.019), while decreased expression of 
miR-21 predicted patients likely to develop mucositis (OR 
0.251, 95%CI 0.090–0.699, P = 0.008). Table 3 illustrates 
miRNA and their correlation with toxicities to NAC.

Discussion

Previous studies [12], including the primary analysis of 
the ICORG 10/11 clinical trial [16, 22], have successfully 
proved that circulating miRNAs have clinical utility in 
predicting tumour sensitivity to neoadjuvant therapies in 
patients with breast cancer. At the time of writing, this is the 
first study to our knowledge which successfully assessed the 
viability of miRNAs in predicting patients at risk of undesir-
able treatment-induced toxicities to NAC. The ideology of 
precision oncology focuses on maximising toxicity to the 
tumour, while minimising harm to the patient, which sets the 
foundations for the current analysis. Notwithstanding this, 
conventional cancer management seems to focus largely on 
predicting tumour responses to NAC (which has previously 
been demonstrated the carry a robust survival advantage 
for the majority) [6, 46, 47], while failing to identify fac-
tors indicative chemotherapy-induced toxicity. This study 
attempts to readjust the focus of translational research stud-
ies towards the prediction of patient-specific responses to 
NAC and to recentre the host (or patient) at the core of treat-
ment paradigm. Therefore, the dogma presented by precision 
oncology is well captured within the current study, through 
the provision of novel results illustrating miRNAs as circula-
tory biomarkers capable of predicting treatment toxicities to 
NAC. Thus, this study is the first to describe such findings in 
the oncological literature and will hopefully provide direc-
tion for the next generation of translational research studies.

Chemotherapy-induced neutropenia is a major dose-limit-
ing toxicity in clinical oncology and is renowned for placing 
significant burden upon healthcare economies globally [48]. 

Table 2   Basic demographic, clinicopathological, and treatment data 
for all 101 included patients

HER2 human epidermal growth factor receptor-2, LBC luminal breast 
cancer, LBBC-HER2 luminal B breast cancer, HER2 +  human epider-
mal growth factor receptor-2 positive molecular subtype, TNBC triple 
negative breast cancer, NAC neoadjuvant chemotherapy, pCR patho-
logical complete response, AC-T Doxorubicin and cyclophosphamide 
followed by paclitaxel, TC-H(L) docetaxel, carboplatin followed by 
trastuzumab (and lapatinib), BCS breast conservation surgery, SLNB 
sentinel lymph node biopsy, ALND axillary lymph node dissection

Parameter Variable Total

Total number – 101 (100.0%)
Age (Years) Median (Range) 55 (25–76)
Tumour size (mm) Median (Range) 36 (10–100)
Nodal involvement Negative 40 (39.6%)

Positive 61 (60.4%)
Tumour grade Grade 1 1 (1.0%)

Grade 2 52 (51.5%)
Grade 3 48 (47.5%)

Oestrogen receptor Positive 63 (62.4%)
Negative 38 (37.6%)

Progesterone receptor Positive 54 (53.5%)
Negative 37 (46.5%)

HER2 receptor Positive 34 (33.7%)
Negative 67 (66.3%)

Molecular subtype LBC 47 (46.5%)
LBBC-HER2 18 (17.8%)
HER2 +  16 (15.8%)
TNBC 19 (18.8%)

Response to NAC pCR 31 (30.7%)
Residual disease 70 (69.3%)

NAC regimen AC-T 56 (55.5%)
TC-H 19 (18.8%)
TC-HL 6 (5.9%)
Other 20 (19.8%)

Surgery BCS 54 (53.5%)
Mastectomy 47 (46.5%)

Axillary surgery SLNB only 28 (27.7%)
ALNB 73 (72.3%)
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Identifying patients at risk of this toxicity remains a clinical 
conundrum. In this study, patients with reduced expression 
of circulating miR-195 were significantly more likely to 
develop treatment-induced neutropenia than their counter-
parts. Aberrant expression of miR-195 has traditionally been 
recognised as a oncogenic biomarker in breast cancer [38, 
49] and there are now emerging data indicating that miRNAs 
play a regulatory role in circulatory neutrophil proliferation 
[50]. This is the first report associating miR-195 with myelo-
suppressive neutropenia, which coincides with the previous 
data demonstrating miR-195 to be a stress-inducible target 
with potential immunomodulatory function [51–53]. In 
humans, the miR-195 gene encodes from the reverse strand 
of the mRNA gene (AK098506), which is responsible for 
encoding the LOC284112 hypothetical protein, which may 
have a protective role against bone marrow suppression [54, 
55]. While this finding correlating miR-195 expression with 
treatment-induced neutropenia is one of the significant nov-
elties, we acknowledge that these preliminary results will 
require further robust interrogation and validation prior to 
having clinical impact upon therapeutic decision-making in 
the treatment of cancer patients.

Chemotherapy-induced anaemia has a prevalence of 
greater than 40% in patients being treated with chemother-
apy for breast cancer [56], thus ratifying the necessity for the 
early detection in this patient cohort. In this study, increased 
miR-10b was observed in patients who were at an increased 
risk of developing anaemia during NAC. MiR-10b has been 
identified to be an oncomir with perceived function in the 
metastatic cascade in breast cancer [57]; however, previous 
reports have illustrated the influence of miR-10b on toxici-
ties to chemoradiotherapy in patients with primary glioblas-
toma, with miR-10b/miR-21 expression correlating with the 
degree of treatment toxicity [58], an analysis not performed 
in the current study. Moreover, miR-10b dysregulation has 
been previously implicated as causative in myelosuppressive 
disorders [59], making it plausible that increased expression 
of miR-10b may negatively influence circulatory haemoglo-
bin levels in the post-chemotherapy effect, as illustrated in 
the current analysis of patients with breast cancer.

In this analysis, increased miR-145 predicted patients 
likely to develop gastrointestinal dysfunction (i.e.: nausea 
and vomiting) to NAC, while decreased expression of miR-
21 predicted those likely to suffer from the development 
of mucositis. Inflammation of the gastrointestinal and oral 
mucosa is a significant negative implication for patients in 
receipt of chemotherapeutic agents [60, 61]. These provi-
sional results yield promise for the early identification of 
such patients, which may facilitate early pharmacological 
prophylaxis. Notwithstanding the inevitability that further 
scientific assessment is necessary before validating these 
promising results, these findings may also be used to broaden 
the horizon to include NAC-induced toxicities within the 

primary or secondary outcome measures assessed within the 
next generation of biomarker discovery trials. This is par-
ticularly pertinent as current trials often fixate solely upon 
treatment response as sole analytical endpoints, thus failing 
to consider the patient-related issues associated with NAC.

This study suffers from several limitations: Firstly, 
the miRNAs evaluated were included in a predetermined 
miRNA panel which was decided upon at the time of study 
design over a decade ago, based on their perceived relevance 
to breast oncology at that time [37–39]. In the time that has 
elapsed, newer, potentially more relevant miRNAs may have 
been subsequently discovered. Secondly, this study measures 
miRNAs from circulation only, failing to evaluate tumour 
miRNAs from pre-treatment biopsies, meaning tissue yield-
ing crucial genetic information was missed during the tissue 
acquisition phase of ICORG 10/11. Thirdly, breast cancer is 
a heterogeneous disease with several biomolecular subtypes 
with varying treatment algorithms [1], some of which will 
have evolved since patient recruitment commenced to this 
study. These factors limit the robustness of these results in 
present-day contemporary practice. Furthermore, the pri-
mary outcome measure of ICORG 10/11 was not powered 
to provide definitive results among subgroup analyses limit-
ing the robustness of results. Accordingly, the authors have 
pragmatically not performed subgroup analyses in this sec-
ondary exploratory analysis to prevent potential dilution of 
the robustness of results yielded. Finally, we must highlight 
these are preliminary results which will inevitably require 
validation before translation into the contemporary manage-
ment of breast cancer.

In conclusion, this secondary exploratory analysis is the 
first from a prospective, multicentre, neoadjuvant transla-
tional research trial which successfully assesses the value 
of measuring circulatory miRNAs to predict patient-specific 
toxicities to NAC. These results support the persistent ide-
ology that miRNAs may be useful biomarkers with utility 
in personalising treatment algorithms in accordance with 
the needs of each patient, while also focusing on patient-
specific responses, as well as tumour responses. Thus, this 
secondary exploratory analysis sets the foundations for the 
next generation of miRNA clinical trials should be designed 
to evaluate the use of circulatory miRNAs to predict the 
treatment-induced toxicities to NAC to ensure patient moni-
toring is individualised for prospective patients.
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